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ABSTRACT 
 
Introduction: 86% of American’s sit for over 13 hours a day with the hamstrings in a 
shortened position. Hamstrings with reduced flexibility can result in pain and decreased 
movement of the hip and knee. It can result in a posterior pelvic tilt, flattening the lumbar 
spine thus stressing the lumbar facet joints causing pain, decreased range of motion and 
early degeneration. 
The aim of this study was to compare the effectiveness of sacroiliac joint manipulation, 
dynamic oscillatory stretching with isometric contraction (DOS) and a combination of the 
two in the management of decreased hamstring flexibility. 
Method: The study population of 30 participants, both male and female, between the 
ages of 18 to 44 years old, with decreased hamstring flexibility. The participants were 
split into three groups of ten. Group 1 had their dysfunctional sacroiliac joint 
manipulated, group 2 had DOS performed on both hamstrings and group 3 had a 
combination of these treatments. 
Procedure: Each participant attended a total of six treatment sessions twice a week for 
three weeks with one follow up session in the fourth week. The objective data was 
collected at the first, fourth and seventh sessions by measuring lumbar spine range of 
motion using a digital inclinometer and hamstring flexibility with a passive straight leg 
raise using a goniometer as well as the sit-and-reach test with a sit-and-reach box. 
Results: The straight leg raise results were as follows: the intragroup analysis 
demonstrated that on the left side, group 1 had a 2,85% change between the first and 
final readings. With a p-value of 0,670, it was not a statistically significant result (p > 0.05). 
Group 2 had a 8,70% change with a p-value of 0,023 (statistically significant (p ≤ 0.05)). 
Group 3 had a 13,51% change with a p-value of 0,000 (statistically significant (p ≤ 0.05)). 
The intergroup analysis demonstrated a p-value of 0,072 which is not statistically 
significant (p > 0.05). On the right side, group 1 had a 3,61% change with a p-value of 
0,273 (not statistically significant (p > 0.05)). Group 2 had a 8,90% change with a p-value 
of 0,006 (statistically significant (p ≤ 0.05)). Group 3 had a 12,94% change with a p-value 
of 0,001 (statistically significant (p ≤ 0.05)). The intergroup analysis demonstrated a p- 
value of 0,463 which is not statistically significant (p > 0.05). 
Conclusion: This study determined that manipulation of the sacroiliac joint alone is not 
a viable treatment method in the management of hamstrings with reduced flexibility but 
DOS and DOS in combination with sacroiliac joint manipulation both are. Neither of 
these treatment methods is more effective than the other. 
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CHAPTER 1 – INTRODUCTION 
 
 
1.1 The Problem Statement 
 
 
According to a survey commissioned by Ergotron (2013), 86% of American’s spend 
over 13 hours a day in the seated position. Whether at work, at leisure, at meal times 
or in the car, the seated position will force the hamstring muscle group into a shortened 
position (Link, Nicholson, Shaddeau, Birch and Gossman, 1990). If these behaviours 
and poor ergonomics are maintained for prolonged periods of time without regular 
breaks, it may result in chronically shortened hamstring muscles (Benatti and Ried- 
Larsen, 2015). 
 
Most often, the symptoms of reduced hamstring flexibility are indistinct but clinical 
findings may show that not only can it cause pain within the muscle itself but a variety 
of symptoms. It can be a common cause of recurrent strains which can result in a 
change in sports performance (Lui, Garrett, Moorman and Yu, 2012). Rouzier (2004), 
discussed how short hamstring muscles can cause pain during exercise and rest, 
snapping or popping on movement as well as decreased movement in the hip and 
knee, which would result in biomechanical changes. Biomechanically a shortened 
hamstring will cause a compensatory pull on the pelvis, rotating it posteriorly (posterior 
pelvic tilt) thus flattening the lumbar spine (Gajdosik, Hatcher and Whitsell, 1992, Reis 
and Macedo, 2015). The associated reduction of the lumbar lordosis can chronically 
stress the lumbar facet joints and surrounding musculature which can cause pain, 
decreased range of motion and early degeneration (Borenstein, Wiesel, and Boden, 
1995). 
 
The current evidence based treatment options for a chiropractor regarding reduced 
hamstring flexibility are limited as the research into such options are inadequate. 
According to Koes, Assendelft, Van der Heijden, and Bouter (1996), spinal 
manipulative therapy is a common intervention method used by a Chiropractor with 
regards to conditions such as acute or chronic back pain but rarely with regards to a 
muscle with reduced flexibility but research has shown that chiropractic manipulation 
of the sacroiliac joint is an effective way to increase hamstring flexibility (Fox, 2006). 
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Dynamic oscillatory stretching with isometric contraction is also an effective way to 
increase hamstring flexibility (Michaeli, Tee and Stewart, 2017). It works by combining 
pre-contraction stretching with oscillatory stretching (an aspect of dynamic stretching). 
Isometric contraction of the stretched target muscle (pre-contraction stretching) 
triggers the autogenic inhibition mechanism, leading to a subsequent decrease in 
muscle tension through stimulation of Golgi tendon organs. The autogenic inhibition 
mechanism lowers resistance to stretch a muscle, and is important in improving and 
increasing range of motion (Yuktasir and Kaya, 2009). Oscillatory stretching has a 
direct effect on the muscle by creating local pain relief. This is not well understood but 
theories state that the gate control theory of pain is the most likely mechanism 
(Bialosky, Bishop, Price, Robinson and George, 2009). 
 
1.2 Aim 
 
 
The aim of this study was to compare the effectiveness of sacroiliac joint manipulation, 
dynamic oscillatory stretching with isometric contraction and a combination of the two 
in the management of decreased hamstring flexibility. 
 
1.3 Benefits of the study 
 
 
The benefits of this study could be that chiropractic manipulation of the sacroiliac joint 
and dynamic oscillatory stretching with isometric contraction both effectively treat 
hamstrings with reduced flexibility. It could also determine that a combination of the 
two treatments is as or more effective in the management of decreased hamstring 
flexibility than either option alone. 
 
This study may provide more concise information with regards to the various 
interventions available in the management of reduced hamstring flexibility. This 
knowledge can be used by chiropractors to improve their outcomes of their treatment 
methods with new, effective treatment options. 
 
The trials of this study could benefit the chiropractic fraternity in general by educating 
the Doornfontein population about the benefits of chiropractic treatment of hamstrings 
with reduced flexibility. 
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CHAPTER 2 – LITERATURE REVIEW 
 
 
2.1 Introduction 
 
 
This chapter provides a foundation of knowledge regarding this research study. In 
detail, it deconstructs and explains each component regarding decreased hamstring 
flexibility, chiropractic manipulation of the sacroiliac joint and dynamic oscillatory 
stretching with isometric contraction. It provides a thorough understanding of the 
research problem in place. 
 
2.2 Hamstring muscle anatomy 
 
 
2.2.1 Skeletal muscle structure 
As discussed by Moore, Agur and Dalley (2018), the main function of skeletal 
muscle is to create movement as it is mostly made up of striated contractile 
tissue. As seen in figure 2.1, this tissue is composed of bundles of long 
cylindrical fibres called fascicles that are arranged in a parallel manner. Each 
bundle is separated by a connective tissue called the perimysium and come in 
various shapes and sizes which correlate to each muscles’ main function. A 
sheath surrounds every skeletal muscle – namely the epimysium which allows 
the muscle to function optimally while maintaining its structural integrity. 
 
Figure 2.1 Skeletal muscle structure 
(https://www.vectorstock.com/royalty-free-vector/cartoon-of-structure-skeletal- 
muscle-anatomy-vector-8326498) 
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2.2.2 Reflex Arc 
A reflex arc is defined as the neural pathway involved in the reflex action. This 
pathway begins with sensory neurons that synapse in the spinal cord to activate 
motor neurons without the delay of rerouting to the brain (see figure 2.2). The 
signal is registered in the brain but only while the reflex is in progress (Saladin, 
2015). 
 
The Golgi-tendon organ is a sensory neuro-receptor which senses change in 
muscle tension. It is located in the tendons of muscles at both the origin and 
insertion (Moore et al., 2018). It is involved in the Golgi-tendon reflex, a reflex 
arc where the skeletal muscle contraction causes the antagonist muscle to 
simultaneously lengthen and relax (Tortora and Derrickson, 2011). 
 
The muscle spindle is a sensory neuro-receptor which senses change in 
muscle length. It is located within the muscle belly (Moore et al., 2018). The 
muscle spindle is involved in the stretch reflex, a reflex arc where stretching of 
the skeletal muscle causes the muscle to contract and resist the stretch. 
 
These reflex arcs are therefore, incredibly important in preventing an 
overstretch injury during passive stretching (Hindle, Whitcomb, Briggs and 
Hong, 2012). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2 The reflex arc 
(http://aandponline.com/?p=140) 
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2.2.3 Hamstring muscle attachments 
The thigh extensor group (posterior compartment) is made up of three muscles 
- semimembranosus, semitendinosis and biceps femoris. These muscles 
combined are known as the hamstring muscles (Moore et al., 2018). As seen 
in table 2.1, each of these muscles originate from the same location – the ischial 
tuberosity of the ischium - except the biceps femoris muscle which has two 
heads. The long head originates from the ischial tuberosity but the short head 
originates from the lateral supracondylar line and linea aspera of the femur and 
does not cross the hip joint (Moore et al., 2018). Semitendinosus and 
semimembranosus both insert on the tibia and biceps femoris inserts on the 
fibula (Moore et al., 2018). 
 
2.2.4 Innervation 
As seen in table 2.1, the sciatic nerve (L4-S3) supplies the posterior 
compartment of the thigh. It consists of the tibial nerve and the common fibular 
nerve. The hamstring muscles are all supplied by the tibial nerve, except for the 
short head of biceps which is supplied by the common fibular nerve (Moore et 
al., 2018). The sciatic nerve arises from the convergence of the anterior and 
posterior divisions of the anterior rami of L4-S3 spinal nerves (sacral plexus) at 
the inferior border of the piriformis muscle. It runs inferolaterally through the 
greater sciatic foramen, between the ischial tuberosity of the hip bone and the 
greater trochanter of the femur, deep to the gluteus maximus muscle. It then 
runs posterior to the obturator internus, quadratus femoris and adductor 
muscles, into the posterior compartment of the thigh, to supply the hamstring 
muscles (Moore et al., 2018). 
 
2.2.5 Function 
Since the hamstring muscles cross the hip and knee joints, they act on both. 
As seen in table 2.1, the hamstring muscles extend the hip joint and flex the 
knee joint Moore et al., 2018). These movements can occur simultaneously but 
not at maximum range as the muscles shorten too much in one action to allow 
full range in the other. Thus, the only time the hamstrings do not extend the 
thigh is when the knee is in full flexion (Moore et al., 2018). If the legs and thighs 
are in a closed kinematic chain (they are fixed in place), the hamstrings assist 
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in trunk extension at the hip joint (Moore et al., 2018). Normally during gait 
(terminal swing), the hamstring muscles are less active concentrically 
(extending the hip and flexing the knee) and work more eccentrically which 
results in deceleration during gait (Moore et al., 2018). 
 
Table 2.1 Summary of the anatomy of the hamstring muscles (Moore et al., 2018). 
 
Muscle Origin Insertion Innervation Action 
 
 
Semitendinosus 
 Medial  Extends 
thigh; flex 
leg and 
rotates it 
medially 
when knee is 
flexed; when 
thigh and leg 
is fixed, 
extends 
trunk. 
 surface of 
superior part 
 
 of tibia.  
Tibial division 
 
 
 
 
Semimembranosus 
  
Ischial  of sciatic 
tuberosity. Posterior part nerve (L5, 
 of medial 
condyle of 
S1, S2). 
 tibia.  
 
 
 
 
 
 
 
Biceps femoris 
  Long head:  
Long head:  Tibial division  
ischial  of sciatic Flexes leg 
tuberosity.  nerve (L5, and rotates 
Short head: Lateral side S1, S2). in laterally 
middle third of of head of Short head: when knee is 
linea aspera fibula. Common flexed; 
and lateral  fibula division extends 
supracondylar  of sciatic thigh. 
ridge.  nerve (L5,  
  S1, S2).  
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2.3 Lumbar spine anatomy 
 
 
2.3.1 Gross anatomy 
The lumbar spine is made of five vertebrae that are linked by joint capsules, 
ligaments, tendons and muscles (Kishner and Ges, 2017). The lumbar spine 
protects the vulnerable spinal cord and spinal nerve roots. It is also very flexible 
and provides movement in many different planes, which include flexion, 
extension, lateral flexion and rotation (Bergmann and Peterson, 2011; Kishner 
and Ges, 2017). 
 
The lumbar vertebrae are composed of the following five functional parts 
(Moore et al., 2018): 
 The vertebral bodies are kidney shaped in the transverse plane. 
 The vertebral foramen are triangular in shape and larger than in thoracic 
vertebrae and smaller than cervical vertebrae. 
 The transverse processes are long and slender and have accessory 
processes on the posterior aspect of the base of each. 
 The spinous processes are short and sturdy. They are thick, broad and 
hatchet shaped. 
 The articular processes are almost vertical with the superior facets directed 
posteromedially and the inferior facets directed anterolaterally. A 
mammillary process is found on the posterior aspect of each of the superior 
articular processes. 
 
The lumbar vertebral bodies are larger than cervical and thoracic vertebral 
bodies and the increase in size from L1-L5 which indicates the increasing load 
each of the lower vertebrae have to absorb (Bergmann and Peterson, 2011; 
Kishner and Ges, 2017). 
 
Each lumbar vertebrae has a pair of intervertebral foramina. Each foramen is 
bounded superiorly and inferiorly by the pedicles, anteriorly by the intervertebral 
disc and vertebral body and posteriorly by facet joints. Spinal nerve roots of the 
same number, meningeal nerves and radicular blood vessels run through each 
foramen (Bergman and Peterson, 2011; Kishner and Ges, 2017). 
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2.3.2 Lumbar vertebral joints 
The lumbosacral spine contains two types of articulations (Levangie and 
Norkin, 2011): 
 Cartilaginous/symphysis (intervertebral) joints. 
 Synovial (facet/zygapophyseal and sacroiliac) joints. 
 
Mobility in the lumbar spine is provided by the synovial joints which are situated 
between the superior and inferior articular processes on adjacent vertebrae. 
They allow for simple gliding movements. The primary movement in the lumbar 
spine is flexion and extension with a small degree of rotation (Bergmann and 
Peterson, 2011; Kishner and Ges, 2017). 
 
 
2.3.3 Lumbar Intervertebral Discs 
The lumbar intervertebral discs (IVD) are located between the vertebral bodies 
and they act as shock absorbers during axial loading and also allow movement 
between the vertebrae (Bergman and Peterson, 2011; Kishner and Ges, 2017). 
Each disc is made up of the nucleus pulposus which is surrounded by the 
annulus fibrosus (Kishner and Ges, 2017). 
 
2.3.4 Lumbar Vertebral Ligaments 
Anterior longitudinal ligament (ALL) 
 Surrounds the antero-lateral surfaces of the lumbar vertebral bodies and 
discs (Moore et al., 2018). 
 It is firmly attached to the anterior annular disc fibers and widens as it runs 
down the vertebral column. (Moore et al., 2018). 
 Maintains stability in the joints and limits hyperextension. This is the only 
ligament that limits extension (Moore et al., 2018; Kishner and Ges, 2017). 
Posterior longitudinal ligament (PLL) 
 Situated within the vertebral canal on the posterior aspect of the vertebral 
bodies and discs (Moore et al., 2018). 
 Limits flexion of the vertebral column except for the lower lumbar spine as it 
is narrower and weaker (Moore et al., 2018; Kishner and Ges, 2017). 
The supraspinous ligaments 
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 Attached to the tips of the spinous processes of adjacent vertebrae from L1- 
L3 (Moore et al., 2018). 
 Weakly prevent spinal separation and forward flexion (Moore et al., 2018; 
Kishner and Ges, 2017). 
The ligamentum flavum (LF) 
 Bridges the lamina for two adjacent vertebrae, attaching to the interspinous 
ligament medially and the facet capsule laterally (Moore et al., 2018). 
 Normally taut and stretches during flexion and contracts its elastin fibers in 
neutral or during extension (Moore et al., 2018). 
 Helps to maintain a constant disc tension (Moore et al., 2018; Kishner and 
Ges, 2017). 
The intertransverse ligament 
 Attaches the transverse processes of adjacent vertebrae together and limits 
lateral flexion of the trunk (Moore et al., 2018; Kishner and Ges, 2017). 
The iliolumbar ligament 
 Originates from the tip of the L5 transverse process and attaches to the 
posterior aspect of the inner lip of the iliac crest (Moore et al., 2018; Kishner 
and Ges, 2017). 
 
2.3.5 Spinal nerves and roots 
All lumbar spinal nerve roots originate where the spinal cords ends at the conus 
medullaris at the T10 to L1 levels (Kishner and Ges, 2017). Each spinal nerve 
root is formed by the joining of the posterior root of the spinal cord and an 
anterior root of the spinal cord. The nerve roots run down the vertebral canal to 
form the cauda equina, until they leave the respective intervertebral foramina 
as a single pair of spinal nerves. The lumbar nerve roots therefore exit the 
vertebral canal at a level lower to where they come from (Kishner and Ges, 
2017). 
 
2.4 Sacroiliac joint anatomy 
 
 
2.4.1 Anatomy 
The pelvic complex is made up of two innominate bones with the sacrum lying 
between them. The innominate is formed by the fusion of the ilium, ischium and 
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pubic bone at the acetabulum (Bergman and Peterson, 2011). 
Sacroiliac joints are strong, weight-bearing complex joints that consist of an 
anterior synovial joint that is situated between the auricular surfaces of the 
sacrum and the ilium surrounded with articular cartilage, and a posterior 
syndesmosis situated between the tuberosities of the sacrum and ilium. The 
auricular surfaces of this synovial joint have different contours that have 
congruent interlocking depressions and elevations. Limited mobility is allowed 
in these joints where most of the weight in the body is transmitted to the hip 
bones as consequence. Axial compressive forces are then transmitted to the 
ilia from the axial skeleton via the sacroiliac ligaments and then to the femurs 
during standing and ischial tuberosities during sitting (Bergman and Peterson, 
2011; Moore et al., 2018). It is the largest axial joint in the body and is under 
extreme mechanical stress (Foley and Buschbacher, 2006) 
 
2.4.2 Ligaments 
Anterior sacroiliac ligaments (Moore et al., 2018). 
 Covers the anterior part of the fibrous capsule of the joint. 
Interosseous sacroiliac ligaments (Moore et al., 2018). 
 Lies deep within the tuberosities of the sacrum and ilium. 
 Transmit the weight of the upper body to the two ilia from the axial skeleton. 
Posterior sacroiliac ligaments (Moore et al., 2018). 
 These ligaments are the posterior continuation of the anterior fibrous 
capsule. 
 Allows the axial weight transferred down onto the sacrum to draw the ilia 
inward compressing the sacrum between them by locking the irregular 
surfaces of the sacroiliac joints together. 
 The posterior sacroiliac ligaments are joined inferiorly by fibres that extend 
from the posterior margin of the ilium and base of the coccyx to form the 
sacrotuberous ligament which passes from the posterior ilium, lateral 
sacrum and coccyx to attach to the ischial tuberosity, creating the sciatic 
foramen. 
 The sacrospinous ligament attaches from the lateral sacrum and coccyx to 
the ischial spine and further divides the sciatic foramen into a lesser and 
greater sciatic foramina. 
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2.5 Sacroiliac joint dysfunction 
 
 
As discussed previously, the sacroiliac joint is the largest axial joint in the body and 
therefore is always under extreme mechanical stress (Foley, Buschbacher, 2006). The 
sacroiliac joint transmits vertical forces from the spine to the lower extremities as well 
as having a role in lumbopelvic dynamic motion and rhythm, which will be discussed 
further in this chapter. 
 
According to Laslett (2008) sacroiliac joint dysfunction is described as an abnormal 
position or movement of the sacroiliac joint structures which may or may not result in 
pain. Foley and Buschbacher (2006) also stated that sacroiliac joint dysfunction is the 
cause of at least 15% of low back pain. Sacroiliac joint dysfunction is described as 
prevalent in at least 16% of asymptomatic patients (Dreyfuss, Dryer, Griffin, Hoffman 
and Walsh, 1994). Yet according to Maigne, Aivaliklis and Pfefer (1996) there is no 
range of motion difference between symptomatic and asymptomatic patients therefore 
a clear clinical picture is difficult to determine. 
 
Laslett (2008) proposed the following criteria for diagnosis of a sacroiliac joint 
dysfunction: 
1. Pain at the sacroiliac joint. 
2. Mechanical stress created by the doctor to specifically test the sacroiliac joint 
reproduces the patient’s complaint. 
3. Radiographic investigation shows no structural abnormality of the sacroiliac 
joint. 
4. Selectively infiltrating the specific joint with anaesthetic relieves the patient’s 
pain completely. 
 
Yet based on recent studies, this criteria have been discounted due to the fact that 
diagnostic injections have to be performed under an image intensifier as well as false 
positives arising from single joint anaesthetic joint blocks (Bogduk, 2004). Therefore, 
non-invasive clinical pain provocative sacroiliac joint tests are reliable and valid for the 
diagnosis of sacroiliac joint dysfunction (Robinson, Brox, Robinson, Bjelland, Solem 
and Telje, 2007). 
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Sacroiliac dysfunction can cause an abnormal positon of the pelvis. The sacroiliac 
joint, when restricted, can remain in either a posterior or anterior position (Esposito 
and Phillipson, 2005). This abnormal positioning will affect the biomechanics of the 
joint, affecting both the lumbar range of motion and the hip range of motion. 
 
Biomechanically if the sacroiliac joint is restricted as a posterior listing, the ilium will 
be tilted and fixated posteriorly to the sacrum (Esposito and Phillipson, 2005). This 
results in posterior tilting of the pelvis on this side, placing the hamstrings in a 
shortened position. If this dysfunction persists, without treatment, the hamstring 
muscles will be reduced to a chronically shortened position. A shortened muscle has 
too much overlap of actin and myosin filaments. According to Clark, Lucett, & Sutton 
(2012) a functionally shortened muscle can eventually cause a structural reduction of 
the length of the muscle. 
 
However if the sacroiliac joint is restricted as an anterior listing, the ilium will be tilted 
and fixated anteriorly to the sacrum (Esposito and Phillipson, 2005). This will force the 
hamstring muscles into a chronically lengthened position which, due to creep and 
hysteresis, will cause the muscle to structurally become lengthened more than normal. 
This altered length tension relationship of the hamstring means that the muscle has to 
exert more energy to affect a normal contraction. Sahrmann, Azevedo, and Van Dillen 
(2017) stated that the force generation capabilities of a muscle are dependent on the 
muscles resting length. Therefore, a lengthened muscle could actually become 
overactive and eventually tighten and shorten, as seen with the hamstring muscle in 
a sacroiliac dysfunction. 
 
2.6 Spinal manipulative therapy 
 
 
2.6.1 Definition of spinal manipulative therapy 
Spinal manipulative therapy is defined as a high velocity, low amplitude thrust 
that is applied to a restricted joint in order to move past the elastic barrier, into 
the paraphysiological space. This is done without exceeding the anatomical 
barrier and may result in an audible click. It is highly joint specific in order to 
correct joint dysfunction (Haldeman, 2000; Leach, 2004; Gatterman, 2009). 
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A joint restriction is defined as the dysfunction, locking or blocking of a joint 
(Gatterman, 2009) and the aim of chiropractic manipulation is to restore joint 
motion and indirectly affect the related components of the joint restriction to 
ultimately promote and restore homeostasis (Eriksen, 2004; Gatterman, 2009; 
Haldeman, 2000). 
 
Joint range of motion was described by Sandoz (1976) as consisting of four 
zones and two barriers. Zone one displays the area of active range of motion, 
produced by active contraction of associated muscles. Zone two represents 
passive range of motion extending to the elastic barrier of resistance. This zone 
is where the joint has progressed passed where associated muscle contraction 
can position it and so this area is where joint play is tested. Zone three is the 
paraphysiological space. The paraphysiological space extends from the elastic 
barrier of resistance and ends at the limit of anatomical integrity. When passing 
into this space, with chiropractic manipulation, a cavitation may occur. This is 
when there is a separation of joint surfaces, an audible click and the 
appearance of a radiolucent joint space. Zone four represents pathological 
movement, where the joint moves past the normal anatomical limit (Esposito 
and Philipson, 2005). Joint injury can occur when a joint is moved past the limit 
of anatomical integrity and may result in injury of the joint capsule and ligaments 
(Bergmann and Peterson, 2011). 
 
2.6.2 The effect of spinal manipulative therapy 
According to Pickar and Wheeler (2001), the force of a chiropractic 
manipulation affects the biomechanics of the restricted joint. According to 
Herzog (2010) scar tissue and adhesions between two joint surfaces are 
responsible for abnormal movements of a joint, thereby resulting in restriction. 
By applying a high velocity, low amplitude thrust to the restricted joint, the scar 
tissue and adhesions can be broken down, restoring motion. Chiropractic 
manipulation cannot reverse the damage to the joints and the surrounding 
tissue. It can, however, have an effect on joint mobility, pain relief and could 
help prevent the reoccurrence of the dysfunction. Chiropractic manipulative 
therapy directed to a dysfunctional joint can decrease the inflammatory 
exudates surrounding that segment as well as decreasing the mechanical 
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stresses on the joint by correcting the altered biomechanics (Mow and Huiskes, 
2005). 
 
The mechanical force of the chiropractic manipulation that is applied to the 
restricted joint has a stimulatory effect on the somatosensory nervous system 
and an inhibitory effect on the nociceptors around that dysfunctional complex. 
This allows for optimal functioning of the muscles by improving muscle 
contraction and improving range of motion (Colloca and Keller, 2002). It 
increases muscle strength and muscle tone by activating the muscle spindle 
reflex as the muscles around the joint are stretched during manipulation 
(Gatterman, 2009). 
 
Kiernan (2005) describes α-motor neurons as large, multipolar lower motor 
neurons of the brainstem and spinal cord. They innervate extrafusal muscle 
fibres of  skeletal   muscle  and   are   directly   responsible   for    initiating 
their contraction. 
 
Altered sensory input can be removed by the biomechanical changes that occur 
as a result of chiropractic manipulative therapy (Leach, 2004). Primary efferent 
neurons in the paraspinal tissue are chiefly affected, as well as the pain 
processing system and the motor system (Pickar, 2002). 
 
Abnormal biomechanics of vertebrae and their related facet joints can lead to 
compression of nerve roots. Neural tissue found in intervertebral foramina are 
vulnerable to mechanical compression (Herzog, 2010), therefore slight 
compression of the dorsal root and dorsal root ganglia can produce prolonged 
and increased neurological discharge of groups I, II, III and IV afferent fibres 
(Haldeman, 2000). 
 
Stimulation and biomechanical alteration caused by spinal manipulative 
therapy can activate reflex centres in the spinal cord and higher centres leading 
to a sympathetic and parasympathetic response (Haldeman 2000). The central 
facilitation theory describes the excitability of the dorsal horn neurons to afferent 
inputs. Increased stimulation of related paraspinal segments may assist α- 
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motor neurons to be kept in an activated state. Some pathways in the abnormal 
segment were also stimulated; this was suggested by the motor reflexes 
corresponding with the pain threshold. Therefore it suggests that stimuli 
produced as an effect of chiropractic manipulative therapy may decrease the 
painful stimuli by replacing it with mechanical stimuli (Pickar, 2002). 
 
2.6.3 The effect of the spinal manipulative therapy on flexibility 
Research has demonstrated that performing chiropractic manipulation to a 
dysfunctional sacroiliac joint may increase hamstring flexibility (Bretischwerdt, 
Rivas-Cano, Palomeque-del-Cerro, Fernández-de-las-Peñas, and 
Alburquerque-Sendín, 2010; Fox, 2006; Hoskins and Pollard, 2005). 
 
The feeling of the hamstring having reduced flexibility is not necessarily due to 
hypertonic musculature but rather can be due to a chronically shortened muscle 
with incorrect length-tension relationship as a result abnormal posture of the 
sacroiliac joint causing altered biomechanics of that hamstring (Clark et al., 
2012). Therefore it stands to reason that a chiropractic manipulation directed to 
the dysfunctional sacroiliac joint with the purpose of returning it to a normal 
position will also return the muscles to their correct positions and so increase 
the range of motion available over that segment (Hertzog 2010). 
 
Linden, Habib and Radojevic, (1996), stated that a restricted spinal segment 
can be accompanied by a pathological neurological response resulting in a 
number of signs and symptoms. Esposito and Philipson, (2005) discussed 
these physical responses as pain, muscle tightness, altered movements and 
overstimulation of the sympathetic nervous system. Therefore, if normal motion 
is restored to that segment, there may be relief of these symptoms. 
 
Chiropractic manipulation can also cause sensory stimulation of the 
surrounding soft tissue structures. This can result in a central reflexogenic effect 
which can assist with the lengthening of the muscle (Haldeman, 2000). 
 
Fryer and Pearce (2012), noted significant reductions in motor neuron 
excitability after a lumbosacral manipulation to asymptomatic participants in the 
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study. Their research also found that a lumbar spine manipulation decreased 
α-motor neuron excitability as measured by Hoffman’s reflex. Hoffman’s reflex 
measures reflex pathways in the spinal cord to the projecting target muscle after 
electrical stimuli of the sensory fibres. As stated in the literature review, the 
hamstring muscle is innervated by L5/S1 nerve roots, therefore chiropractic 
manipulation to the lumbar spine or sacroiliac joint will affect the hamstring 
muscle. 
The sensory receptors that are found in the muscles, ligaments and related 
joints are activated by the manipulation. This in turn triggers a central reflex 
pathway causing relaxation of the surrounding muscles and increases muscle 
flexibility and joint range of motion (Haldeman, 2000). 
 
Colloca, Keller, Gunsburg, Vandeputte and Fuhr (2000) state that spinal 
manipulative therapy may stimulate the somatosensory system evoking a 
neuromuscular reflex and hypothesize that the effects of spinal manipulation 
are as follows: 
 
1. Increased joint mobility by producing impulses in the muscle spindle 
afferents and decreased activity of α-motor neurons. 
2. Increased discharge of α-motor neurons in the muscles related to the 
vertebral segment that is restricted. 
3. Reduction in the gain of the y-loop due to impulses from the muscle spindle 
afferents. 
4. Production of a high frequency discharge in golgi tendon organs and muscle 
spindles. 
5. Stimulation of muscle spindles of a specific limb which induces a 
monosynaptic excitatory potential in α-motor neurons of the same muscle. 
 
 
2.7 Hamstrings with reduced flexibility 
 
 
Despite the fact that often the symptoms of reduced hamstring flexibility are indistinct, 
it is possible for a shortened hamstring to cause pain and a variety of other symptoms. 
Rouzier (2004), discussed how a short hamstring can cause pain during rest and 
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exercise, snapping or popping on movement as well as decreased movement in the 
hip and knee, which would result in biomechanical changes. It can be a common cause 
of recurrent strains which can result in a change in sports performance (Lui et al., 
2012). The hamstring group is made up of three muscles; semimembranosus, 
semitendinous and biceps femoris – all of which attach to the ischial tuberosity of the 
hip bone (Moore et al., 2018). This means that any change within these muscles will 
directly affect the position and movement of the hip bones. If the hamstrings are 
shortened, the pelvis is pulled into a posterior tilt due to traction on the ischial 
attachments of the hamstrings (Gajdosik et al., 1992). Since there is a biomechanical 
link between the pelvis and lumbar spine, there is compensatory movement of the 
lumbar spine into forward flexion (decreased lordosis) in reaction to the posterior pelvic 
tilt. The associated flattening of the lumbar spine will stress the lumbar facet joints and 
surrounding musculature which can cause pain, decreased range of motion and early 
degeneration (Borenstein et al., 1995). 
According to a study performed by Reis and Macedo (2015), a chronic hypo-lordodic 
position can place the surrounding soft tissue structures under large amounts of strain 
which, after a prolonged period of time, may cause intervertebral disc herniations, 
spondylolysis and lumbar radiculopathy. It can also negatively affect lumbopelvic 
rhythm (Minicozzi, Russell, Ray, Struebing and Owens, 2016). Lumbopelvic rhythm 
refers to the way in which the lumbar spine moves in combination with the pelvis. 
During forward flexion both the trunk and hips flex to produce movement. The erector 
spinae muscles, contract eccentrically to control the movement against gravity. At the 
same time that the trunk flexes, the pelvis rotates anteriorly on the femoral heads. The 
hip flexors (psoas, iliacus, rectus femoris, pectineus and sartorius muscles) contract 
concentrically and this motion is balanced by eccentric contraction of the hip extensors 
(gluteus maximus and hamstring muscles) (Sánchez-Zuriaga, López-Pascual, 
Garrido-Jaén and García-Mas, 2015). Sánchez-Zuriaga et al. (2015) described that 
when returning to an upright position, this lumbopelvic rhythm is reversed. The hip 
extensors initiate the posterior rotation of the pelvis until it is in the optimal position for 
the spinal extensors to concentrically contract without too much stress being directed 
through them. As these muscles contract concentrically, the hip flexors contract 
eccentrically to help control the movement 
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With decreased hamstring flexibility, this lumbopelvic rhythm is compromised. As 
previously discussed, during forward flexion the eccentric contractions of both the 
lumbar and hip extensors help to lower the body in a controlled motion against the 
load of the body and against gravity. If these muscles are weak, fatigued or in a 
pathological length tension relationship, the weight of the body can be enough to 
overload the muscles and cause strains. During the reverse lumbopelvic rhythm, if the 
hip flexors are tight or the extensors too weak to fully initiate the posterior pelvic 
rotation, the spinal extensors can become overworked, causing injury and pain 
(Sihvonen, Partanen, Hänninen and Soimakallio, 1991). 
 
 
2.8 Dynamic oscillatory stretching with isometric contraction 
 
 
2.8.1 The effect of stretching 
Stretching has shown to increase joint range of motion by increasing a muscle’s 
extensibility. If there is an increase in the muscle length, it is likely the length of 
the musculotendinous junction that is altered (Page, 2012). Stretching does not 
necessarily alter only the length of the muscle but also the stretch tolerance. 
This is the muscle’s ability to tolerate stretch discomfort (Michaeli et al., 2017). 
The length of the muscle increases with a standardized load whereas the 
stretch tolerance is only increased with a load that is not standard (Magnusson, 
Simonsen, Aagaard, Sorensen and Kjaer, 1996). Stretching may increase the 
joint range of motion maximally if the stretch is performed for 15 to 30 seconds 
(Bandy and Irion, 1994) with 2 to 4 repetitions, no less or more is as effective 
(Taylor, Dalton, Seaber and Garrett, 1990). 
 
2.8.2 Dynamic oscillatory stretching with isometric contraction 
There are a number of techniques used to stretch a muscle. Stretching can be 
divided into static, dynamic and pre-contraction stretching, all of which are 
highly effective ways to increase a muscles’ flexibility (Page, 2012). Dynamic 
oscillatory stretching with isometric contraction is a combination of dynamic, 
oscillatory and pre-contraction stretching (Michaeli et al., 2017). Dynamic 
stretching is not like static stretching where the muscle is placed on stretch and 
held in this position, rather, the limb is taken through its full range – stretching 
the muscle – and at its end range, rapidly alternating movements (bouncing). 
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This is repeated several times through the full range (Page, 2012). Oscillatory 
stretching (an aspect of dynamic stretching) has a direct effect on the muscle 
by creating local pain relief. This is not well understood but theories state that 
the gate control theory of pain is the most likely mechanism (Bialosky et al., 
2009). Pre-contraction stretching is the activation or contraction of a stretched 
muscle. According to Yuktasir & Kaya (2009), isometric contraction of the 
stretched target muscle will trigger the autogenic inhibition mechanism, leading 
to a subsequent decrease in muscle tension through stimulation of Golgi tendon 
organs. The autogenic inhibition mechanism lowers resistance to stretch a 
muscle, and is important in improving and increasing ROM. In addition, tension 
during the maximum isometric contraction of the stretched target muscle results 
in less resistance to length changes in the same muscle. Concentric contraction 
of an antagonist muscle leads to reciprocal inhibition. An active decrease in 
resistance takes place in the target muscle due to this reciprocal inhibition. 
During reciprocal inhibition, a reduced excitability of motor neurons located in 
the stretched muscle is caused and provides muscle compliance by allowing 
the muscle to lengthen. 
 
Ultimately, dynamic oscillatory stretching with isometric contraction 
encompasses all of these aspects. Performing this technique increases the 
muscle’s stretch tolerance by causing reflex muscle relaxation, which ultimately 
results in an increased range of motion (Michaeli et al., 2017). 
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CHAPTER 3 – METHODOLOGY 
 
 
3.1 Introduction 
 
 
This chapter describes the exact methods used in the facilitation of this research study. 
It serves to explain the research sample, recruitment method, treatment protocols as 
well as the description of the measuring tools and how they are used. 
 
3.2 Study design 
 
 
This study was a quantitative comparative study with specific sampling where each 
participant was randomly allocated to each group. 
 
3.3 Participant recruitment 
 
 
Majority of the participants were recruited by word of mouth but they were also 
recruited by placing advertisements around the University of Johannesburg 
Chiropractic Day Clinic as well as the University of Johannesburg Doornfontein 
campus (Appendix A). The researcher contacted Dr Nonkwelo regarding permission 
to include students in this study (Appendix B). Provided the inclusion criteria was met, 
the participant was invited to join this research study. 
 
3.4 Sample selection and size 
 
 
The study population of 30 participants, of both genders who were between the ages 
of 18 to 44 years old with decreased hamstring flexibility, were recruited. The 30 
participants were split into 3 groups of 10. Group 1 had their dysfunctional sacroiliac 
joint manipulated, group 2 had dynamic oscillatory stretching with isometric contraction 
performed on both hamstrings and group 3 had a combination of these treatments. 
Provided the inclusion and exclusion criteria was met, as seen in table 3.1, participants 
were required to read the information letter (Appendix C) and sign the consent form 
(Appendix D) in order to take part in this study. 
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Table 3.1 Inclusion and exclusion criteria 
 
Inclusion Criteria Exclusion Criteria 
 Female or male patients between 
the ages of 18 to 44 years old to 
rule out the effects of 
degeneration on lumbar spine 
range of motion that results with 
increasing age (Fujiwara, Lim, An, 
Tanaka, Jeon, Andersson and 
Haughton, 2000). 
 Decreased hamstring flexibility as 
determined by a passive straight 
leg   raise   below   70⁰ (Gajdosik, 
1991). 
 The following diagnostic criteria 
indicating sacroiliac joint 
dysfunction: 
o At least three positive 
provocative orthopaedic tests 
specific to the sacroiliac joint: 
FABER, gaenslen’s, sacroiliac 
compression (van der Wurff, 
Buijs and Groen, 2006). 
o Sacroiliac  Marching Test 
(motion palpation) in order to 
determine which sacroiliac 
joint is dysfunctional (Vizniak, 
2012). 
 Contraindicated for chiropractic 
manipulation of the sacroiliac joint 
(Esposito and Philipson, 2005) 
(Appendix E). 
 Contraindicated for hamstring 
stretching (Alter, 2004). 
(Appendix F). 
 Current or previous (up to eight 
weeks) hamstring strain as there 
will be pain and decreased range 
of motion on stretch (Vizniak, 
2011). 
 Any hip pathology that would 
result in decreased hip flexion. 
 
3.5 Group allocation 
 
 
The participants that met the inclusion criteria were randomly allocated between the 
three equal groups. To ensure randomization, each participant drew a number out of 
a bag and was assigned to this group. The numbers 1 to 3 represented the group 
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number. 
 
 
3.6 Treatment approach 
 
 
The first consultation consisted of the following: 
 The researcher provided a thorough explanation of the study that the participant 
would potentially take part in. 
 The participant was given an information form (Appendix C) to read and a 
consent form (Appendix D) to sign. 
 A detailed case history (Appendix G), physical examination (Appendix H), 
lumbar spine regional (Appendix I) and hip regional (Appendix J) were 
performed. All of this information was summarized in a SOAP (Appendix K) 
note from the UJ Chiropractic Day Clinic. 
 Objective data was then measured. The participants’ hamstring flexibility was 
measured using the sit and reach test as well as via hip flexion in a straight leg 
raise using a goniometer. Lumbar spine range of motion was measured using 
a digital inclinometer. This information was recorded on an evaluation form for 
statistical purposes. 
 The participants were treated as follows: 
Group 1 had their dysfunctional sacroiliac joint manipulated. 
Group 2 had dynamic oscillatory stretching with isometric contraction 
performed on both hamstrings. 
Group 3 received a combination of sacroiliac joint manipulation of the 
dysfunctional sacroiliac joint and dynamic oscillatory stretching with 
isometric contraction on both hamstrings. 
 
The follow-up consultations consisted of the following: 
 Each participant received an additional five treatment sessions after the initial 
consultation, based on the group that they have been assigned to, over a 
three week period. 
 The objective data was measured on session four (before treatment) and at 
the follow-up consultation (session seven) in week four. Both the participants’ 
hamstrings’ flexibility and lumbar spine range of motion were assessed and 
recorded. 
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PARTICIPANT RECRUITED 
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FINAL MEASUREMENTS FINAL MEASUREMENTS FINAL MEASUREMENTS 
 
 
Figure 3.1: Flow diagram summarizing the research process 
24  
3.7 Treatment Protocols 
 
 
3.7.1 Sacroiliac joint manipulation 
Thigh-ilio-deltoid technique (Bergmann and Peterson, 2011) 
 Indications: 
o Upper sacro-iliac flexion fixation (nutation). 
o Upper sacro-iliac extension restriction. 
 Patient position: 
o The patient lay in the lateral recumbent position with the lesion side 
uppermost. 
o The dorsum of the foot of the uppermost leg was in the popliteal fossa 
of the lower leg for stability. 
o The pelvis was positioned close to the edge of the table. 
o Their arms were placed so as to balance the patient on the side 
posture position. 
o Their shoulders remained as flat as possible on the bed. 
 Researcher position: 
o The researcher stood on the side of the bed, at right angles to the 
bed. 
o The researcher grasped the patient’s uppermost knee between their 
thighs. 
o The patient’s lower leg was to remain straight. 
o The researcher identified the posterior superior iliac spine contact. 
o The researcher flexed the patient’s hip until movement was felt at the 
posterior superior iliac spine. 
o Once the correct amount of hip flexion was achieved, the patient’s 
leg was adducted and grasped firmly between the researcher’s 
thighs. 
o The researcher turned into fencer’s stance facing cephalad taking a 
thigh to thigh contact. 
o The hip joint was thus locked into sufficient flexion and adduction. 
 Contact hand: 
o The caudad hand. 
o Skin slack was removed from infero-medial to supero-lateral to the 
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inferior aspect of the posterior superior iliac spine. 
o Specific pisiform contact was taken with the formation of a 
chiropractic arch on the ipsilateral posterior superior iliac spine. 
o Contact was inferior and medial to the posterior superior iliac spine. 
o The forearm was perpendicular to the contact hand. 
 Indifferent hand: 
o The cephalad hand. 
o It contacted on the contralateral deltoid, stabilizes the patient’s 
shoulder. 
o It provided cephalad traction. 
 Technique: 
o Increased body weight on the patient’s thigh. 
o Rotated the innominate (hip bone) anteriorly into extension. 
o The manipulation was delivered at the end of expiration after joint 
slack was removed. 
o The thrust was a body drop with sudden impulse thrust manifested 
by collapsing both legs. 
 Line of drive: 
o Posterior to anterior and slightly superiorly. 
o The contact hand was driven the posterior superior iliac spine 
anteriorly with slight torque – produced from ulnar deviation of the 
wrist. 
 
3.7.2 Dynamic oscillatory stretching with isometric contraction Dynamic 
oscillatory stretching with isometric contraction will be carried out in the 
following manner (Michaeli et al., 2017): 
1. The participant was asked to lie in the supine position on the treatment bed. 
2. The researcher grasped the participant’s ankle of the closest leg with their 
caudal hand and the participant’s knee of the same leg with the cephalad 
hand. 
3. The researcher elevated the participant’s leg, while the participant actively 
assisted knee extension and hip flexion. The contralateral leg maintained 
firm contact with the treatment bed. The leg was elevated until the 
participant perceived the first sensation of stretch. 
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4. At this point, the researcher placed the participant’s foot on their shoulder 
and instructed the participant to activate the hamstring muscle by gently 
pushing down on the researcher’s shoulder. This was held for 8 seconds. 
5. The researcher then elevated the participant’s leg higher until further stretch 
was perceived. The participant was instructed to activate the hamstrings 
again. Step 5 was repeated one more time with the hamstrings under further 
stretch. 
6. At this point, the researcher then applied a two second, slow passive stretch 
at the end range to further stretch the participant’s hamstrings and the leg 
was lowered down. This was repeated three times. 
 
3.8 Objective Data 
 
 
3.8.1 Digital Inclinometer 
a. Procedure 
The digital inclinometer is an electronic handheld device used to measure the 
angles of slope, elevation or depression of an object with respect to gravity. The 
inclinometer generates and uses the ground as an artificial horizon and 
measures the angular tilt of the leg in relation to this horizon (Li and Durgin, 
2011). The inclinometer generated a reading in degrees where the starting 
position  of  the  lumbar spine  was  in neutral at  0⁰ and  any  flexion, extension, 
lateral flexion and rotation of the lumbar spine was recorded as positive degrees 
(Li and Durgin, 2011). 
 
In order to measure lumbar spine range of motion, the participant was standing 
with their back facing the researcher. The digital inclinometer was placed at the 
level of T12 while the participant was standing upright. The participant was 
asked to actively move their lumbar spine into maximum flexion, extension, 
lateral flexion to the left or right or rotation to the left or right. At maximum range, 
the researcher took note of the reading on the digital inclinometer. The 
participant then came back to neutral to ensure that the same range of motion 
was tested each time. Each movement was repeated three times. These values 
were averaged in order to confirm that the final reading was as valid and reliable 
as possible. This was all repeated with the digital inclinometer placed at the 
27  
level of S1. The final degree values of each movement with the inclinometer at 
S1 was deducted from the final degree values at T12, corresponding with the 
movement performed. This determined the degree of motion occurring in the 
lumbar spine in each specific movement. 
 
b. Validity and reliability 
As seen in a study by Saur, Ensink, Frese, Seeger and Hildebrandt (1996), the 
digital inclinometer is proven to be a valid and reliable measuring tool in 
measuring lumbar spine range of motion. 
 
3.8.2 Goniometer 
a. Procedure 
The participant was asked to lie down in the supine position. The researcher 
placed the goniometer over the hip joint, the baseline and line of inclination set 
to 0° in the neutral position (Marsico, Tal‐Akabi and Van Hedel, 2016). In order 
to perform a straight leg raise, the researcher passively elevated the leg, flexing 
the hip, with the participant’s knee extended. The participant’s pelvis was held 
stable with a weight belt to ensure the movement was isolated over the hip joint 
going into flexion. At the point at which the participant experienced the 
sensation of stretch the researcher used the line of inclination of the goniometer 
to measure the level of inclination in 1⁰ increments (Marsico et al., 2016). 
 
b. Validity and reliability 
The goniometer is proven to be a valid and reliable measuring tool in quantifying 
hamstring flexibility in a straight leg raise (Gajdosik, Rieck, Sullivan and 
Wightman, 1993; Halbertsma, Goeken, Hof, Groothoff and Eisma, 2001; Neto, 
Jacobsohn, Carita, and Oliveira, 2015). 
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Figure 3.2 Goniometer 
(https://www.theratek.com/products/baseline-360-degree-goniometer-6- 
inches?variant=38601760012) 
 
 
3.8.3 Sit and reach test 
a. Procedure 
The sit and reach box is 30.5cm in height. A ruler was centred on top of the box 
and was placed with the 35cm mark in line with the edge of the box (in line with 
the participant’s toes). This ensured that the recordings would never be in the 
negative, even if the participant could not reach their toes. The participant was 
seated in front of the box with one foot placed flat against the box and hips 
facing forward. The other leg was bent. The participant then flexed forwards at 
the hip joint in attempt to touch their toes while maintaining knee extension. The 
participant’s hands were one on top of the other with palms facing down over 
the ruler. The researcher then took note of how many centimetres were 
reached. This was repeated with the opposite leg (Minkler and Patterson, 
1994). 
 
b. Validity and reliability 
As seen in a study by, Hui and Yuen, (2000); Mayorga-Vega, Merino-Marban 
and Viciana, (2014); and Ayala, Sainz de Baranda, De Ste Croix and Santonja, 
(2012), the sit and reach test is proven to be a valid and reliable measuring tool 
in measuring hamstring flexibility. 
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Figure 3.3 Sit and Reach box 
(http://www.completeleisure.ie/product/apollo-sit-reach-box-2/) 
 
 
 
3.9 Ethical Considerations 
 
 
This study was approved by the University of Johannesburg’s Faculty of Health 
Sciences Research Ethics Committee, the ethics number is REC-01-06-2019. 
Each participant that agreed to participate in this study was given an information letter 
(Appendix C) to read and a consent form (Appendix D) to read and sign. The 
information and consent forms included the names of the researcher, the purpose of 
this study, benefits of taking part in this study, participant assessment and treatment 
procedures that took place. Any risks, benefits and discomforts relating to the 
treatments involved in this study was also be explained and the participants’ safety 
was warranted. 
The participant’s privacy was protected as only the researcher, patient and clinician 
were present in the treatment room and that anonymity will be ensured as the patient 
information will be converted into data and therefore could not/cannot be traced back 
to the individual. Names on the data sheet were removed once analysis started. All 
data and back-ups thereof were kept in password protected folders and/or locked 
away as applicable. Only the researcher or research supervisor was authorised to use 
and/or disclose anonymised information in connection with this research study. Any 
other person that wished to work with the participants’ anonymised information as part 
of the research process (e.g. an independent data coder) was required to sign a 
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confidentiality agreement before being allowed to do so. 
It was explained to the participants that taking part in this study is voluntary and that 
they have the right to withdraw from the study at any stage. Any further questions 
asked by the participants about the study will be answered and explained by the 
researcher and contact details will be made available for the participants. The 
participants were asked to sign the consent form (Appendix D), signifying that they 
understand everything explained in the information form (Appendix C). Results were 
made available to participants on request. 
 
This research study was submitted through Turnitin, the University of Johannesburg’s 
selected internet based plagiarism prevention service, and a 14% similarity index was 
found (Appendix L). 
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CHAPTER 4 – RESULTS 
 
 
4.1 Introduction 
 
 
This chapter exhibits all the statistical results collected from the clinical trial of this 
research study. This study consisted of thirty participants who were randomly allocated 
into three groups of ten and each participant was chosen according to the inclusion 
and exclusion criteria of this study. The first group received spinal manipulative 
therapy to their dysfunctional sacroiliac joint. The second group received dynamic 
oscillatory stretching with isometric contraction to both their hamstrings and the third 
group received a combination of these two treatments. Each participant came to the 
University of Johannesburg’s Chiropractic Clinic and received six treatment sessions 
twice a week for three weeks with one follow up appointment in the fourth week in 
order to take final measurements. The data collected from the clinical trial of this study 
was analysed and interpreted with the guidance of STATKON, the University of 
Johannesburg’s preferred Statistical Consultation Service. The resulting p-values 
were considered significant if less than or equal to 0.05 (p ≤ 0.05) and were considered 
insignificant if greater than 0.05 (p > 0.05). 
The data analysis included: 
 Demographic data demonstrating the age and gender distribution. 
 Objective data (lumbar spine range of motion, straight leg raise and sit and 
reach box). 
 
4.2. Demographic analysis 
Table 4.1 Data on demographics 
Characteristics Group 1 (n = 10) Group 2 (n = 10) Group 3 (n = 10) 
Age (SD) 25,50 (3,87) 25,10 (5,93) 29,70 (8,06) 
Age min – max 22 – 33 21 – 41 23 – 45 
Gender distribution: 
Male count (% 
within group) 
4 (40%) 2 (20%) 2 (20%) 
Female count (% 6 (60%) 8 (80%) 8 (80%) 
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within group)    
Total 10 (100%) 10 (100%) 10 (100%) 
 
This research sample consisted of 30 participants of which 22 were females and 8 
were males. The overall age ranged between 21 and 45 years old. 
 
There were 10 participants in group 1 where the mean age was 25.50 (SD± 3,866). 
The youngest participant was 22 years old and the oldest participant was 33 years old. 
Out of the 10 participants, 4 were male (40% gender distribution) and 6 were female 
(60% gender distribution). 
 
There were 10 participants in group 2 where the mean age was 25.10 (SD± 5,934). 
The youngest participant was 21 years old and the oldest participant was 41 years old. 
Out of the 10 participants, 2 were male (20% gender distribution) and 8 were female 
(80% gender distribution). 
 
There were 10 participants in group 3 where the mean age was 29.70 (SD± 8,056). 
The youngest participant was 23 years old and the oldest participant was 45 years old. 
Out of the 10 participants, 2 were male (20% gender distribution) and 8 were female 
(80% gender distribution). 
 
4.3 Test for normality 
 
 
Due to the nature of the smaller group sample of 30 participants used in this research 
study, the Shapiro-Wilk test was used to test for normality. A test for normality 
determines whether further analysis requires parametric or non-parametric tests. 
Parametric tests are used to analyse the data if normality is found within the sample. 
Non-parametric tests are used to analyse the data if no normality is found within the 
sample. No normality was found within this research study, therefore, non-parametric 
tests were used to analyse this data set. After the test for normality, the Friedman test 
was used to determine the within group (intragroup) data and for post-hoc testing the 
Wilcoxon sign-ranks test was used. The Kruskal-Wallis test was used to determine the 
between group (intergroup) data. 
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4.4 Objective data analysis 
 
 
Table 4.2 Group mean and standard deviation of first and final visits for lumbar 
spine ROM, S&R and SLR; differences between groups and differences within 
groups 
 Baseline Final Percentage 
change 
between 1-7 
Differences 
within groups 
Statistical 
significance 
Lumbar flexion 
Group 1 
n = 10 
54,61 ± 4,90 56,47 ± 5,73 3,53 p = 0,082 Not Significant 
Group 2 
n = 10 
52,23 ± 5,85 55,12 ± 5,34 5,81 p = 0,027 Significant 
Group 3 
n = 10 
55,36 ± 8,92 58,26 ± 8,35 5,74 p = 0,045 Significant 
Differences 
between 
groups 
p = 0,631 p = 0,643    
Statistical 
significance 
Not 
Significant 
Not 
Significant 
   
Lumbar extension 
Group 1 
n = 10 
25,42 ± 5,53 27,01 ± 4,61 7,53 p = 0,061 Not Significant 
Group 2 
n = 10 
27,87 ± 4,51 29,99 ± 3,62 8,86 p = 0,005 Significant 
Group 3 
n = 10 
23,80 ± 3,08 27,30 ± 5,14 14,84 p = 0,003 Significant 
Differences 
between 
groups 
p = 0,109 p = 0,237    
Statistical 
significance 
Not 
Significant 
Not 
Significant 
   
Lumbar lateral flexion (left) 
Group 1 
n = 10 
15,07 ± 2,56 16,58 ± 2,76 11,29 p = 0,584 Not Significant 
Group 2 
n = 10 
13,33 ± 2,63 15,88 ± 1,38 23,22 p = 0,000 Significant 
Group 3 
n = 10 
13,54 ± 1,75 15,11 ± 2,33 11,58 p = 0,045 Significant 
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Differences 
between 
groups 
p = 0,266 p = 0,459    
Statistical 
significance 
Not 
Significant 
Not 
Significant 
   
Lumbar lateral flexion (right) 
Group 1 
n = 10 
15,54 ± 2,32 17,44 ± 2,99 12,49 p = 0,003 Significant 
Group 2 
n = 10 
15,19 ± 1,99 17,85 ± 2,40 17,68 p = 0,000 Significant 
Group 3 
n = 10 
14,14 ± 2,07 16,34 ± 2,60 15,92 p = 0,002 Significant 
Differences 
between 
groups 
p = 0,403 p = 0,386    
Statistical 
significance 
Not 
Significant 
Not 
Significant 
   
Lumbar rotation (left) 
Group 1 
n = 10 
13,31 ± 3,28 15,81 ± 3,38 21,96 p = 0,007 Significant 
Group 2 
n = 10 
10,52 ± 2,37 12,05 ± 2,46 17,88 p = 0,018 Significant 
Group 3 
n = 10 
10,62 ± 2,93 12,21 ± 2,51 18,18 p = 0,003 Significant 
Differences 
between 
groups 
p = 0,117 p = 0,056    
Statistical 
significance 
Not 
Significant 
Not 
Significant 
   
Lumbar rotation (right) 
Group 1 
n = 10 
12,95 ± 2,52 14,52 ± 4,01 12,12 p = 0,273 Not Significant 
Group 2 
n = 10 
11,14 ± 2,90 11,91 ± 3,37 8,83 p = 0,092 Not Significant 
Group 3 
n = 10 
10,51 ± 2,60 10,62 ± 2,23 7,49 p = 0,232 Not Significant 
Differences 
between 
groups 
p = 0,196 p = 0,059    
Statistical Not Not    
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significance Significant Significant    
S&R (left) 
Group 1 
n = 10 
30,10 ± 2,47 33,75 ± 2,63 12,66 p = 0,008 Significant 
Group 2 
n = 10 
31,75 ± 2,35 36,80 ± 4,71 15,89 p = 0,006 Significant 
Group 3 
n = 10 
30,75 ± 2,97 33,90 ± 1,47 10,87 p = 0,000 Significant 
Differences 
between 
groups 
p = 0,477 p = 0,293    
Statistical 
significance 
Not 
Significant 
Not 
Significant 
   
S&R (right) 
Group 1 
n = 10 
29,55 ± 3,30 34,05 ± 3,15 15,98 p = 0,006 Significant 
Group 2 
n = 10 
31,40 ± 3,25 36,85 ± 4,52 17,97 p = 0,002 Significant 
Group 3 
n = 10 
32,10 ± 2,75 35,10 ± 1,60 9,88 p = 0,003 Significant 
Differences 
between 
groups 
p = 0,183 p = 0,253    
Statistical 
significance 
Not 
Significant 
Not 
Significant 
   
SLR (left) 
Group 1 
n = 10 
64,11 ± 5,22 65,47 ± 4,12 2,85 p = 0,670 Not Significant 
Group 2 
n = 10 
65,04 ± 4,70 70,40 ± 4,51 8,70 p = 0,023 Significant 
Group 3 
n = 10 
63,39 ± 4,55 71,83 ± 4,98 13,51 p = 0,000 Significant 
Differences 
between 
groups 
p = 0,816 p = 0,072    
Statistical 
significance 
Not 
Significant 
Not 
Significant 
   
SLR (right) 
Group 1 
n = 10 
63,92 ± 4,80 65,93 ± 5,16 3,61 p = 0,273 Not Significant 
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Group 2 
n = 10 
65,22 ± 3,13 70,88 ± 3,76 8,90 p = 0,006 Significant 
Group 3 
n = 10 
63,59 ± 4,58 71,63 ± 5,81 12,94 p = 0,001 Significant 
Differences 
between 
groups 
p = 0,716 p = 0,463    
Statistical 
significance 
Not 
Significant 
Not 
Significant 
   
Group 1, Sacroiliac joint manipulation; Group 2, Dynamic oscillatory stretching with 
isometric contraction; Group 3, Combination of group 1 and 2; Lumbar spine ROM, 
Lumbar spine range of motion (⁰); S&R, sit and reach (cm); SLR, straight leg raise (⁰) 
 
4.4.1 Lumbar spine range of motion 
As seen in Table 4.2 the lumbar spine range of motion mean and the percentage 
change between the first and final visit, as well as the p-values and statistical 
significance within the groups and between the groups are represented. 
 
Lumbar spine flexion: 
a) Intragroup analysis 
In group 1, the baseline (initial) mean was 54.61⁰ (SD ± 4.90). The final mean was 
56.47⁰ (SD  ±  5.73).  This  shows  that  there  was  a  3,53%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,082 which is not 
statistically significant (p > 0.05). 
 
In group 2, the baseline (initial) mean was 52,23⁰ (SD ± 5,85). The final mean was 
55,12⁰ (SD  ±  5,34).  This  shows  that  there  was  a  5,81%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,027 which is 
statistically significant (p ≤ 0.05). 
 
In group 3, the baseline (initial) mean was 55,36⁰ (SD ± 8,92). The final mean was 
58,26⁰ (SD  ±  8,35).  This  shows  that  there  was  a  5,74%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,045 which is 
statistically significant (p ≤ 0.05). 
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b) Intergroup analysis 
In order to perform the between group analysis, the Kruskal-Wallis test was 
required to analyse the data. It is noted that the p-value of the initial visit between 
the groups is 0,631 which is not statistically significant (p > 0.05). The p-value 
between the groups at the final visit was 0,643 which is not statistically significant 
(p > 0.05). 
 
Lumbar spine extension: 
a) Intragroup analysis 
In group 1, the baseline (initial) mean was 25,42⁰ (SD ± 5,53). The final mean was 
27,01⁰ (SD  ±  4,61).  This  shows  that  there  was  a  7,53%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,061 which is not 
statistically significant (p > 0.05). 
 
In group 2, the baseline (initial) mean was 27,87⁰ (SD ± 4,51). The final mean was 
29,99⁰ (SD  ±  3,62).  This  shows  that  there  was  a  8,86%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,005 which is 
statistically significant (p ≤ 0.05). 
 
In group 3, the baseline (initial) mean was 23,80⁰ (SD ± 3,08). The final mean was 
27,30⁰ (SD  ± 5,14).  This  shows  that  there  was  a  14,84%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,003 which is 
statistically significant (p ≤ 0.05). 
 
 
b) Intergroup analysis 
In order to perform the between group analysis, the Kruskal-Wallis test was 
required to analyse the data. It is noted that the p-value of the initial visit between 
the groups is 0,109 which is not statistically significant (p > 0.05). The p-value 
between the groups at the final visit was 0,237 which is not statistically significant 
(p > 0.05). 
 
Lumbar spine left lateral flexion: 
a) Intragroup analysis 
In group 1, the baseline (initial) mean was 15,07⁰ (SD ± 2,56). The final mean was 
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16,58⁰ (SD  ± 2,76).  This  shows  that  there  was  a  11,29%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,584 which is not 
statistically significant (p > 0.05). 
 
In group 2, the baseline (initial) mean was 13,33⁰ (SD ± 2,63). The final mean was 
15,88⁰ (SD  ± 1,38).  This  shows  that  there  was  a  23,22%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,000 which is 
statistically significant (p ≤ 0.05). 
 
In group 3, the baseline (initial) mean was 13,54⁰ (SD ± 1,75). The final mean was 
15,11⁰ (SD  ± 2,33).  This  shows  that  there  was  a  11,58%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,045 which is 
statistically significant (p ≤ 0.05). 
 
b) Intergroup analysis 
In order to perform the between group analysis, the Kruskal-Wallis test was 
required to analyse the data. It is noted that the p-value of the initial visit between 
the groups is 0,266 which is not statistically significant (p > 0.05). The p-value 
between the groups at the final visit was 0,459 which is not statistically significant 
(p > 0.05). 
 
Lumbar spine right lateral flexion: 
a) Intragroup analysis 
In group 1, the baseline (initial) mean was 15,54⁰ (SD ± 2,32). The final mean was 
17,44⁰ (SD  ± 2,99).  This  shows  that  there  was  a  12,49%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,003 which is 
statistically significant (p ≤ 0.05). 
 
In group 2, the baseline (initial) mean was 15,19⁰ (SD ± 1,99). The final mean was 
17,85⁰ (SD  ± 2,40).  This  shows  that  there  was  a  17,68%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,000 which is 
statistically significant (p ≤ 0.05). 
 
In group 3, the baseline (initial) mean was 14,14⁰ (SD ± 2,07). The final mean was 
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16,34⁰ (SD  ± 2,60).  This  shows  that  there  was  a  15,92%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,002 which is 
statistically significant (p ≤ 0.05). 
 
b) Intergroup analysis 
In order to perform the between group analysis, the Kruskal-Wallis test was 
required to analyse the data. It is noted that the p-value of the initial visit between 
the groups is 0,403 which is not statistically significant (p > 0.05). The p-value 
between the groups at the final visit was 0,386 which is not statistically significant 
(p > 0.05). 
 
Lumbar spine left rotation: 
a) Intragroup analysis 
In group 1, the baseline (initial) mean was 13,31⁰ (SD ± 3,28). The final mean was 
15,81⁰ (SD  ± 3,38).  This  shows  that  there  was  a  21,96%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,007 which is 
statistically significant (p ≤ 0.05). 
 
In group 2, the baseline (initial) mean was 10,52⁰ (SD ± 2,37). The final mean was 
12,05⁰ (SD  ±  2,46).  This  shows  that  there  was  a  17,88%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,018 which is 
statistically significant (p ≤ 0.05). 
 
In group 3, the baseline (initial) mean was 10,62⁰ (SD ± 2,93). The final mean was 
12,21⁰ (SD  ±  2,51).  This  shows  that  there  was  a  18,18%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,003 which is 
statistically significant (p ≤ 0.05). 
 
b) Intergroup analysis 
In order to perform the between group analysis, the Kruskal-Wallis test was 
required to analyse the data. It is noted that the p-value of the initial visit between 
the groups is 0,117 which is not statistically significant (p > 0.05). The p-value 
between the groups at the final visit was 0,056 which is not statistically significant 
(p > 0.05). 
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Lumbar spine right rotation: 
a) Intragroup analysis 
In group 1, the baseline (initial) mean was 12,95⁰ (SD ± 2,52). The final mean was 
14,52⁰ (SD  ± 4,01).  This  shows  that  there  was  a  12,12%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,273 which is not 
statistically significant (p > 0.05). 
 
In group 2, the baseline (initial) mean was 11,14⁰ (SD ± 2,90). The final mean was 
11,91⁰ (SD  ±  3,37).  This  shows  that  there  was  a  8,83%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,092 which is not 
statistically significant (p > 0.05). 
 
In group 3, the baseline (initial) mean was 10,51⁰ (SD ± 2,60). The final mean was 
10,62⁰ (SD  ±  2,23).  This  shows  that  there  was  a  7,49%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,232 which is not 
statistically significant (p > 0.05). 
 
b) Intergroup analysis 
In order to perform the between group analysis, the Kruskal-Wallis test was 
required to analyse the data. It is noted that the p-value of the initial visit between 
the groups is 0,196 which is not statistically significant (p > 0.05). The p-value 
between the groups at the final visit was 0,059 which is not statistically significant 
(p > 0.05). 
 
4.4.2 Sit and Reach 
As seen in Table 4.2 the sit and reach mean and the percentage change between 
the first and final visit, as well as the p-values and statistical significance within the 
groups and between the groups are represented. 
 
Left sit and reach: 
a) Intragroup analysis 
In group 1, the baseline (initial) mean was 30,10cm (SD ± 2,47). The final mean 
was 33,75cm (SD ± 2,63). This shows that there was a 12,66% change between 
the baseline and final readings. The p-value was calculated to be 0,008 which is 
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statistically significant (p ≤ 0.05). 
 
 
In group 2, the baseline (initial) mean was 31,75cm (SD ± 2,35). The final mean 
was 36,80cm (SD ± 4,71). This shows that there was a 15,89% change between 
the baseline and final readings. The p-value was calculated to be 0,006 which is 
statistically significant (p ≤ 0.05). 
 
In group 3, the baseline (initial) mean was 30,75cm (SD ± 2,97). The final mean 
was 33,90cm (SD ± 1,47). This shows that there was a 10,87% change between 
the baseline and final readings. The p-value was calculated to be 0,000 which is 
statistically significant (p ≤ 0.05). 
 
b) Intergroup analysis 
In order to perform the between group analysis, the Kruskal-Wallis test was 
required to analyse the data. It is noted that the p-value of the initial visit between 
the groups is 0,477 which is not statistically significant (p > 0.05). The p-value 
between the groups at the final visit was 0,293 which is also statistically significant 
(p > 0.05). 
 
Right sit and reach: 
a) Intragroup analysis 
In group 1, the baseline (initial) mean was 29,55cm (SD ± 3,30). The final mean 
was 34,05cm (SD ± 3,15). This shows that there was a 15,98% change between 
the baseline and final readings. The p-value was calculated to be 0,006 which is 
statistically significant (p ≤ 0.05). 
 
In group 2, the baseline (initial) mean was 31,40cm (SD ± 3,25). The final mean 
was 36,85cm (SD ± 4,52). This shows that there was a 17,97% change between 
the baseline and final readings. The p-value was calculated to be 0,002 which is 
statistically significant (p ≤ 0.05). 
 
In group 3, the baseline (initial) mean was 32,10cm (SD ± 2,75). The final mean 
was 35,10cm (SD ± 1,60). This shows that there was a 9,88% change between the 
baseline and final readings. The p-value was calculated to be 0,003 which is 
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statistically significant (p ≤ 0.05). 
 
 
b) Intergroup analysis 
In order to perform the between group analysis, the Kruskal-Wallis test was 
required to analyse the data. It is noted that the p-value of the initial visit between 
the groups is 0,183 which is not statistically significant (p > 0.05). The p-value 
between the groups at the final visit was 0,253 which is not statistically significant 
(p > 0.05). 
 
 
4.4.3 Straight leg raise 
As seen in Table 4.2 the straight leg raise mean and the percentage change 
between the first and final visit, as well as the p-values and statistical significance 
within the groups and between the groups are represented. 
 
Left straight leg raise: 
a) Intragroup analysis 
In group 1, the baseline (initial) mean was 64,11⁰ (SD ± 5,22). The final mean was 
65,47⁰ (SD  ±  4,12).  This  shows  that  there  was  a  2,85%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,670 which is not 
statistically significant (p > 0.05). 
 
In group 2, the baseline (initial) mean was 65,04⁰ (SD ± 4,70). The final mean was 
70,40⁰ (SD  ±  4,51).  This  shows  that  there  was  a  8,70%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,023 which is 
statistically significant (p ≤ 0.05). 
 
In group 3, the baseline (initial) mean was 63,39⁰ (SD ± 4,55). The final mean was 
71,83⁰ (SD  ± 4,98).  This  shows  that  there  was  a  13,51%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,000 which is 
statistically significant (p ≤ 0.05). 
 
 
b) Intergroup analysis 
In order to perform the between group analysis, the Kruskal-Wallis test was 
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required to analyse the data. It is noted that the p-value of the initial visit between 
the groups is 0,816 which is not statistically significant (p > 0.05). The p-value 
between the groups at the final visit was 0,072 which is not statistically significant 
(p > 0.05). 
 
Right straight leg raise: 
a) Intragroup analysis 
In group 1, the baseline (initial) mean was 63,92⁰ (SD ± 4,80). The final mean was 
65,93⁰ (SD  ±  5,16).  This  shows  that  there  was  a  3,61%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,273 which is not 
statistically significant (p > 0.05). 
 
In group 2, the baseline (initial) mean was 65,22⁰ (SD ± 3,13). The final mean was 
70,88⁰ (SD  ±  3,76).  This  shows  that  there  was  a  8,90%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,006 which is 
statistically significant (p ≤ 0.05). 
 
In group 3, the baseline (initial) mean was 63,59⁰ (SD ± 4,58). The final mean was 
71,63⁰ (SD  ± 5,81).  This  shows  that  there  was  a  12,94%  change  between  the 
baseline and final readings. The p-value was calculated to be 0,001 which is 
statistically significant (p ≤ 0.05). 
 
 
b) Intergroup analysis 
In order to perform the between group analysis, the Kruskal-Wallis test was 
required to analyse the data. It is noted that the p-value of the initial visit between 
the groups is 0,716 which is not statistically significant (p > 0.05). The p-value 
between the groups at the final visit was 0,463 which is not statistically significant 
(p > 0.05). 
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CHAPTER 5 – DISCUSSION 
 
 
5.1 Introduction 
 
 
This chapter serves to interpret and discuss the results from the clinical trials of this 
study. Chapter two’s literature review and chapter three’s methodology will be 
referenced in order to demonstrate the relationship they have with the results of 
chapter four and the interpretation thereafter. The outcomes of this study will be linked 
to the practical application and the possible effects they will have on the various 
treatment methods available in the rehabilitation of reduced hamstring flexibility. 
The effect of sacroiliac joint manipulation, dynamic oscillatory stretching with isometric 
contraction and a combination of these two were tested on the hamstring muscles with 
regards to flexibility. 
This chapter will interpret and discuss the results of the clinical trials with regards to: 
 Demographics 
 Objective data 
 
5.2 Demographic Data Analysis 
 
 
5.2.1 Age 
As per the inclusion criteria in chapter three, all the participants in this research 
study were between the ages of 18 and 45. The mean age for group one, who 
received chiropractic manipulation of the sacroiliac joint, was 26 years old. The 
mean age for group two, who received dynamic oscillatory stretching with 
isometric contraction to both hamstrings, was 25 years old and the mean age 
for group three, who received a combination of these treatments, was 29 years 
old. These age groups are most likely a result of the advertisements placed 
around the University of Johannesburg’s Doornfontein campus and the 
University of Johannesburg’s Chiropractic Day Clinic. This was particularly 
appropriate for this study as according to Koli and Anap (2018), it is noted that 
university students have a high prevalence of decreased hamstring flexibility 
and this is most likely due to the position of sitting at a desk, with the hamstring 
muscles in a shortened position, for extended periods of time. 
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5.2.2 Gender 
Throughout the population sample of the 30 participants, there were a total of 
8 male participants (27%) and 22 female participants (73%). Of the 30 
participants, there were three equal groups of 10 and since the group allocation 
of each participant was at random, the sacroiliac joint manipulation group 
consisted of 4 males and 6 females, the dynamic oscillatory stretching with 
isometric contraction group consisted of 2 males and 8 females and the 
combination of sacroiliac joint manipulation with dynamic oscillatory stretching 
with isometric contraction group consisted of 2 males and 8 females. The 
gender distribution between the groups was not statistically significant (p>0.05), 
therefore the objective data analysis was not influenced by the gender 
distribution between the groups. 
 
5.3 Objective Data Analysis 
5.3.1 Lumbar spine range of motion 
Lumbar spine flexion 
a) Intragroup analysis 
Lumbar spine flexion increased between the first and final visits in all three groups. 
As seen in chapter four, group 1 had a non-statistically significant result. This 
indicates that the treatment was not effective at increasing flexion over time. Group 
2 and group 3 both had statistically significant results. This indicates that each 
treatment was effective at increasing flexion over time. 
 
b) Intergroup analysis 
As seen in chapter four, when comparing the data between groups 1, 2 and 3 at 
the initial visit, the results were not statistically significant. This indicates that the 
three groups can be compared at a given time. With a non-statistically significant 
result between the three groups at the final visit, it is determined that neither 
sacroiliac joint manipulation, dynamic oscillatory stretching with neither isometric 
contraction, nor a combination of the two was more effective at increasing lumbar 
flexion than the other. 
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Lumbar spine extension 
a) Intragroup analysis 
Lumbar spine extension increased between the first and final visits in all three 
groups. As seen in chapter four, group 1 had a non-statistically significant result. 
This indicates that the treatment was not effective at increasing extension over 
time. Group 2 and group 3 both had statistically significant results. This indicates 
that each treatment was effective at increasing extension over time. 
 
b) Intergroup analysis 
As seen in chapter four, when comparing the data between groups 1, 2 and 3 at 
the initial visit, the results were not statistically significant. This indicates that the 
three groups can be compared at a given time. With a non-statistically significant 
result between the three groups at the final visit, it is determined that neither 
sacroiliac joint manipulation, dynamic oscillatory stretching with isometric 
contraction, nor a combination of the two was more effective at increasing lumbar 
extension than the other. 
 
Lumbar spine left lateral flexion 
a) Intragroup analysis 
Lumbar spine left lateral flexion increased between the first and final visits in all 
three groups. As seen in chapter four, group 1 had a non-statistically significant 
result. This indicates that the treatment was not effective at increasing left lateral 
flexion over time. Group 2 and group 3 both had statistically significant results. This 
indicates that each treatment was effective at increasing left lateral flexion over 
time. 
 
b) Intergroup analysis 
As seen in chapter four, when comparing the data between groups 1, 2 and 3 at 
the initial visit, the results were not statistically significant. This indicates that the 
three groups can be compared at a given time. With a non-statistically significant 
result between the three groups at the final visit, it is determined that neither 
sacroiliac joint manipulation, dynamic oscillatory stretching with isometric 
contraction, nor a combination of the two was more effective at increasing left 
lateral flexion than the other. 
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Lumbar spine right lateral flexion 
a) Intragroup analysis 
Lumbar spine right lateral flexion increased between the first and final visits in all 
three groups. As seen in chapter four, group 1, group 2 and group 3 all had 
statistically significant results. This indicates that each treatment was effective at 
increasing right lateral flexion over time. 
 
b) Intergroup analysis 
As seen in chapter four, when comparing the data between groups 1, 2 and 3 at 
the initial visit, the results were not statistically significant. This indicates that the 
three groups can be compared at a given time. With a non-statistically significant 
result between the three groups at the final visit, it is determined that neither 
sacroiliac joint manipulation, dynamic oscillatory stretching with isometric 
contraction, nor a combination of the two was more effective at increasing right 
lateral flexion than the other. 
 
Lumbar spine left rotation 
a) Intragroup analysis 
Lumbar spine left rotation increased between the first and final visits in all three 
groups. As seen in chapter four, group 1, group 2 and group 3 all had statistically 
significant results. This indicates that each treatment was effective at increasing 
left rotation over time. 
 
b) Intergroup analysis 
As seen in chapter four, when comparing the data between groups 1, 2 and 3 at 
the initial visit, the results were not statistically significant. This indicates that the 
three groups can be compared at a given time. With a non-statistically significant 
result between the three groups at the final visit, it is determined that neither 
sacroiliac joint manipulation, dynamic oscillatory stretching with isometric 
contraction, nor a combination of the two was more effective at increasing left 
rotation than the other. 
 
Lumbar spine right rotation 
a) Intragroup analysis 
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Lumbar spine right rotation increased between the first and final visits in all three 
groups. As seen in chapter four, group 1, group 2 and group 3 all had non- 
statistically significant results. This indicates that each treatment was not effective 
at increasing right rotation over time. 
 
b) Intergroup analysis 
As seen in chapter four, when comparing the data between groups 1, 2 and 3 at 
the initial visit, the results were not statistically significant. This indicates that the 
three groups can be compared at a given time. With a non-statistically significant 
result between the three groups at the final visit, it is determined that neither 
sacroiliac joint manipulation, dynamic oscillatory stretching with neither isometric 
contraction, nor a combination of the two was more effective at increasing right 
rotation than the other. 
 
Discussion on lumbar spine range of motion: 
 
 
Lumbar spine range of motion can be affected by many different structures, these 
being lumbar, hip and pelvic or sacroiliac joint structures. This study in particular tested 
the impact of the sacroiliac joint and hip structures (hamstring muscles) on lumbar 
spine range of motion. 
 
Sacroiliac joint dysfunction can cause an abnormal posture of the pelvis. The sacroiliac 
joint, when restricted, can remain in either a posterior or anterior position (Esposito 
and Phillipson, 2005). This abnormal positioning will affect the biomechanics of the 
joint, affecting both the lumbar range of motion and the hip range of motion. 
Biomechanically if the sacroiliac joint is restricted as a posterior listing, the ilium will 
be tilted and fixated posteriorly to the sacrum (Esposito and Phillipson, 2005). On this 
side, the pelvis is rotated posteriorly and there is compensatory movement of the 
lumbar spine into forward flexion (decreased lordosis) in reaction to the posterior pelvic 
tilt. The associated flattening of the lumbar spine will stress the lumbar facet joints and 
surrounding musculature which can cause decreased range of motion, pain and early 
degeneration (Borenstein et al., 1995). It stands to reason that an area of dysfunction 
results from a single joint that undergoes abnormal movement and due to this lack of 
movement, the next course of events could be the compensatory movement of the 
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surrounding joints and the rest of the spine resulting in a generalized reduction in 
mobility (Gatterman, 2009). 
 
As chapter two discusses, the aim of a chiropractic manipulation is to restore 
movement between the joint surfaces and thereby indirectly affect the related 
biomechanical components (Eriksen, 2004; Gatterman, 2009; Haldeman, 2000). The 
process involves a high velocity, low amplitude thrust to the hypomobile segment in 
order to move the hypomobile joint through the elastic barrier and into the 
paraphysiological space. This is done without exceeding the anatomical barrier and it 
often results in an audible click. The audible click is simply the movement of gases 
within the joint space and is often accompanied by the appearance of a radiolucent 
joint space. Joint injury will occur when a joint reaches the limit of anatomical integrity. 
A consequence of this is injury of the joint capsule and ligaments (Bergmann and 
Peterson, 2011). The opening between the joint surfaces results in neurological 
changes due to stimulation of afferent nerve fibres of the affected joint as well as the 
breaking of any adhesions that have built up in the hypomobile state (Bergmann and 
Peterson, 2011). 
 
Previous research by Chesterton and Payton (2016) and Haussler, Hill, Puttlitz and 
McIlwraith (2007) demonstrated that chiropractic manipulation can be an effective way 
to increase lumbar spine range of motion and mobility yet this study showed that 
chiropractic manipulation of the sacroiliac joint does not statistically increase lumber 
spine range of motion except for right lateral flexion and left rotation where there was 
a statistical increase. The nature of this manipulation is targeted at sacroiliac joint 
dysfunction which in itself can biomechanically affect lumbar spine range of motion but 
lumbar spine range of motion is affected by many other different structures – not the 
sacroiliac joint alone. Reduced lumbar spine range of motion can even result from 
stiffness of the capsules and ligaments that surround the spinal joints (Mellin, 1990) 
or even reduced hamstring flexibility (Borenstein et al., 1995). There are many 
variables affecting lumbar spine range of motion over and above SIJ dysfunction and 
these were not tested in this specific study. 
 
As seen in a study conducted by López-Miñarro, Muyor, Belmonte, and Alacid (2012) 
and another by Kang, Jung, An, Yoo and Oh (2013), the lengthening of the hamstring 
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muscles results in the direct increase in lumbar spine range of motion, particularly 
lumbar spine flexion. As discussed in chapter two, the hamstring muscles attach to the 
ischial tuberosity of the hip bone which indicates that any change within the muscles 
would directly result in the change of position and movement of the hip bone. As stated 
by Gajdosik et al., (1992) biomechanically, if the hamstrings are shortened, the pelvis 
is pulled into a posterior tilt due to traction on the ischial attachments of the hamstrings. 
Since there is a biomechanical link between the pelvis and lumbar spine, there is 
compensatory movement of the lumbar spine into forward flexion (decreased lordosis) 
in reaction to the posterior pelvic tilt. The unfortunate result of excessive traction of the 
hamstring muscles on the hip bones is the predisposition for non-specific lower back 
pain, recurrent injuries and changes in lumbopelvic rhythm (López-Miñarro et al., 
2012) as well as pain within the muscle during exercise, clicking and popping on 
movement and decreased movement in the hip and knee, which would result in further 
biomechanical changes thereafter (Rouzier, 2004). 
 
Dynamic oscillatory stretching with isometric contraction is an effective way to increase 
hamstring flexibility. It is the combination of dynamic, oscillatory and pre-contraction 
stretching (Michaeli et al., 2017). Dynamic stretching is when the limb is taken through 
its full range – stretching the muscle – and at its end range, rapidly alternating 
movements (bouncing) (Page, 2012). This creates local pain relief through gate control 
theory of pain (Bialosky et al., 2009). Pre-contraction stretching is the activation or 
contraction of a stretched muscle. The activation of the muscle being stretched triggers 
the autogenic inhibition mechanism, leading to a subsequent decrease in muscle 
tension through stimulation of Golgi tendon organs which lowers the muscles 
resistance to stretch (Yuktasir & Kaya, 2009). 
 
This research study confirmed the results of the studies performed by López-Miñarro 
et al., (2012) as well as Kang et al., (2013) by demonstrating that increasing hamstring 
flexibility is an effective way to increase lumbar spine range of motion. 
 
With regards to the results of this research study, as seen in chapter 4, between the 
initial and final measurements, sacroiliac joint manipulation did not increase lumbar 
spine range of motion except for right lateral flexion and left rotation. This means that 
this method would not be considered a viable treatment protocol for increasing lumbar 
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spine flexion, extension, left lateral flexion or right rotation. There are a number of 
various structures that influence the ranges of motion of the lumbar spine (joint 
capsules and ligaments etc.) and the nature of the sacroiliac joint manipulation is 
targeted at sacroiliac joint dysfunction which in itself can biomechanically affect lumbar 
spine range of motion but lumbar spine range of motion is affected by many other 
different structures – not the sacroiliac joint alone. When referencing the studies 
above, it was expected for the spinal manipulation only group to increase lumbar spine 
range of motion so only some of these results are supported by the research. 
 
The dynamic oscillatory stretching only group was expected to increase lumbar spine 
range of motion when referencing the research above. This research study was 
supported by the literature as dynamic oscillatory stretching of the hamstring muscles 
did increase all ranges of motion in the lumbar spine except for right rotation. As stated 
above, there are many influences on lumbar spine range of motion, not the hamstring 
muscles alone. Thus right rotation could have been prevented from increasing by other 
influencing factors such as lumbar facet joint dysfunction, sacroiliac joint dysfunction 
or capsular adhesions. 
 
Group three, the combination of dynamic oscillatory stretching with isometric 
contraction with sacroiliac joint manipulation, demonstrated the exact same results as 
dynamic oscillatory stretching with isometric contraction alone. This further reinforces 
that increasing hamstring flexibility increases lumbar spine range of motion and the 
lack thereof with manipulation of the sacroiliac joint since neither group two or three 
increased it more than the other. 
 
However, despite these statistically significant intragroup results, there was not a large 
enough difference between the groups (intergroup) to determine which treatment 
method is the most effective. This means that even though sacroiliac joint manipulation 
increased right lateral flexion and left rotation and dynamic oscillatory stretching with 
isometric contraction and a combination of this with sacroiliac joint manipulation 
increased all ranges except for right rotation, no group increased these ranges more 
than the other. Therefore, sacroiliac joint manipulation, dynamic oscillatory stretching 
with isometric contraction or a combination of these can be used to increase lumbar 
spine right lateral flexion or left rotation but only dynamic oscillatory stretching with 
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isometric contraction or a combination of this with sacroiliac joint manipulation can be 
used to increase flexion, extension or left lateral flexion, not sacroiliac joint 
manipulation alone. 
 
5.3.2 Sit and Reach test 
 
 
Left sit and reach 
a) Intragroup analysis 
The left sit and reach increased between the first and final visits in all three groups. 
As seen in chapter four, group 1, group 2 and group 3 all had statistically significant 
results. This indicates that each treatment was effective at increasing the left sit 
and reach over time. 
 
b) Intergroup analysis 
As seen in chapter four, when comparing the data between groups 1, 2 and 3 at 
the initial visit, the results were not statistically significant. This indicates that the 
three groups can be compared at a given time. With a non-statistically significant 
result between the three groups at the final visit, it is determined that neither 
sacroiliac joint manipulation, dynamic oscillatory stretching with isometric 
contraction, nor a combination of the two was more effective at increasing the left 
sit and reach than the other. 
 
Right sit and reach 
a) Intragroup analysis 
The right sit and reach increased between the first and final visits in all three 
groups. As seen in chapter four, group 1, group 2 and group 3 all had statistically 
significant results. This indicates that each treatment was effective at increasing 
the left sit and reach over time. 
 
b) Intergroup analysis 
As seen in chapter four, when comparing the data between groups 1, 2 and 3 at 
the initial visit, the results were not statistically significant. This indicates that the 
three groups can be compared at a given time. With a non-statistically significant 
result between the three groups at the final visit, it is determined that neither 
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sacroiliac joint manipulation, dynamic oscillatory stretching with isometric 
contraction, nor a combination of the two was more effective at increasing the right 
sit and reach than the other. 
 
5.3.3 Straight leg raise 
 
 
Left straight leg raise 
a) Intragroup analysis 
The left straight leg raise increased between the first and final visits in all three 
groups. As seen in chapter four, group 1 had a non-statistically significant result. 
This indicates that the treatment was not effective at increasing the left straight leg 
raise over time. Group 2 and group 3 both had statistically significant results. This 
indicates that each treatment was effective at increasing the left straight leg raise 
over time. 
 
b) Intergroup analysis 
As seen in chapter four, when comparing the data between groups 1, 2 and 3 at 
the initial visit, the results were not statistically significant. This indicates that the 
three groups can be compared at a given time. With a non-statistically significant 
result between the three groups at the final visit, it is determined that neither 
sacroiliac joint manipulation, dynamic oscillatory stretching with isometric 
contraction, nor a combination of the two was more effective at increasing the left 
straight leg raise than the other. 
 
Right straight leg raise 
a) Intragroup analysis 
The right straight leg raise increased between the first and final visits in all three 
groups. As seen in chapter four, group 1 had a non-statistically significant result. 
This indicates that the treatment was not effective at increasing the right straight 
leg raise over time. Group 2 and group 3 both had statistically significant results. 
This indicates that each treatment was effective at increasing the right straight leg 
raise over time. 
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b) Intergroup analysis 
As seen in chapter four, when comparing the data between groups 1, 2 and 3 at 
the initial visit, the results were not statistically significant. This indicates that the 
three groups can be compared at a given time. With a non-statistically significant 
result between the three groups at the final visit, it is determined that neither 
sacroiliac joint manipulation, dynamic oscillatory stretching with isometric 
contraction, nor a combination of the two was more effective at increasing the right 
straight leg raise than the other. 
 
Discussion on the sit and reach and straight leg raise: 
 
 
Sacroiliac dysfunction can cause an abnormal posture of the pelvis. Biomechanically 
if the sacroiliac joint is restricted as a posterior listing, the ilium will be tilted and fixated 
posteriorly to the sacrum (Esposito and Phillipson, 2005). This results in posterior 
tilting of the pelvis on this side, placing the hamstrings in a shortened position. If this 
dysfunction persists, without treatment, the hamstring muscles will be reduced to a 
chronically shortened position and any functionally shortened muscle can eventually 
cause a structural reduction of the length of the muscle (Clark et al., 2012). However, 
if the sacroiliac joint is restricted as an anterior listing, the ilium will be tilted and fixated 
anteriorly to the sacrum (Esposito and Phillipson, 2005). This will force the hamstring 
muscles into a chronically lengthened position which, due to creep and hysteresis, will 
cause the muscle to structurally become lengthened more than normal. This altered 
length tension relationship of the hamstring means that the muscle has to exert more 
energy to affect a normal contraction. Sahrmann et al., (2017) stated that the force 
generation capabilities of a muscle are dependent on the muscles resting length. 
Therefore, a lengthened muscle could actually become overactive and eventually 
tighten and shorten, as seen with the hamstring muscle in a sacroiliac dysfunction. 
 
With chiropractic manipulation, the application of a high velocity, low amplitude thrust 
to a hypomobile segment in order to move the hypomobile joint through the elastic 
barrier and into the paraphysiological space causes sensory stimulation of the 
surrounding soft tissue structures. This can result in a central reflexogenic effect which 
can assist with the lengthening of the muscle (Haldeman, 2000). The sensory 
receptors that are found in the muscles, ligaments and related joints are activated by 
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the manipulation. This in turn triggers a central reflex pathway causing relaxation of 
the surrounding muscles and increases muscle flexibility and joint range of motion 
(Haldeman, 2000). 
 
According to the literature, it was expected for the sacroiliac joint manipulation group 
to increase hamstring flexibility. In chapter two it was discussed that treating a 
dysfunctional sacroiliac joint with chiropractic manipulation may increase hamstring 
flexibility (Bretischwerdt et al., 2010; Fox, 2006; Hoskins and Pollard, 2005) yet this 
study demonstrated that chiropractic manipulation of the sacroiliac joint does not 
statistically increase hamstring flexibility. There was an increase in the readings on the 
sit-and-reach box but no change on the passive straight leg raise and according to a 
research performed by Papa and Feland (2014) during passive stretch the subject 
complains at the initial pain on stretch at a more consistent level where the examiner 
records the result immediately, whereas on active stretch the subject will force 
themselves to the absolute limit of their range despite any discomfort experienced. 
Therefore, the readings on the sit and reach box are less reliable than the readings on 
the passive straight leg raise. 
 
Dynamic oscillatory stretching with isometric contraction is proven to be a valid 
treatment method in the rehabilitation of decreased hamstring flexibility (Michaeli et 
al., 2017). It combines dynamic, oscillatory and pre-contraction stretching (Michaeli et 
al., 2017). During dynamic stretching, the limb is taken through its full range, rapidly 
alternating movements (bouncing) at end range. This is repeated several times 
through the full range (Page, 2012). Oscillatory stretching creates local pain relief 
through the gate control theory of pain (Bialosky et al., 2009). Pre-contraction 
stretching is the activation or contraction of a stretched muscle. According to Yuktasir 
& Kaya (2009), isometric contraction of the stretched target muscle will trigger the 
autogenic inhibition mechanism, leading to a subsequent decrease in muscle tension 
through stimulation of Golgi tendon organs. The autogenic inhibition mechanism 
lowers resistance to stretch a muscle, and is important in improving and increasing 
ROM. In addition, tension during the maximum isometric contraction of the stretched 
target muscle results in less resistance to length changes in the same muscle. 
Concentric contraction of an antagonist muscle leads to reciprocal inhibition. An active 
decrease in resistance takes place in the target muscle due to this reciprocal inhibition. 
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During reciprocal inhibition, a reduced excitability of motor neurons located in the 
stretched muscle is caused and provides muscle compliance by allowing the muscle 
to lengthen. 
 
According to the literature, it was expected for group two to increase hamstring 
flexibility as Michaeli et al. (2017) demonstrated that dynamic oscillatory stretching 
with isometric contraction is an effective way to increase hamstring flexibility and with 
regards to the results seen in chapter four, this research study has confirmed it. 
 
As seen in chapter 4, between the initial and final measurements, both the left and 
right sit and reach increased in the dynamic oscillatory stretching with isometric 
contraction only group and the group with a combination of this with sacroiliac joint 
manipulation. The straight leg raise on the left and right hand sides did not increase to 
a statistically significant level with the sacroiliac joint manipulation only group but, both 
the dynamic oscillatory stretching with isometric contraction group and the group with 
the combination of treatments did. This means that dynamic oscillatory stretching with 
isometric contraction and a combination of this with sacroiliac joint manipulation may 
both increase hamstring flexibility. 
 
Group three, the combination of dynamic oscillatory stretching with isometric 
contraction with sacroiliac joint manipulation, demonstrated the exact same results as 
the dynamic oscillatory stretching only group. This further reinforces that dynamic 
oscillatory stretching with isometric contraction effectively increases hamstring 
flexibility and the lack thereof with manipulation of the sacroiliac joint since neither 
group two or three increased it more than the other. 
 
However, despite these statistically significant intragroup results, there was not a large 
enough difference between the groups (intergroup) to determine which treatment 
method is the most effective. This means that even though the dynamic oscillatory 
stretching with isometric contraction only group and the combination group increased 
the left and right sit-and-reach and the left and right straight leg raise, no group 
increased more than the other. Therefore, dynamic oscillatory stretching with isometric 
contraction or a combination of these can be used to increase hamstring flexibility. 
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5.4 Overall Discussion 
 
 
As discussed above, this study demonstrated that the dynamic oscillatory stretching 
only group and the combination group presented with a statistically significant result. 
Thus, dynamic oscillatory stretching with isometric contraction and a combination of 
this with sacroiliac joint manipulation are both viable options in treating hamstrings 
with reduced flexibility. It is dependent on what that particular patient requires based 
on clinical examination as to which method is most appropriate for them. In the case 
where the patient is not purely presenting with hamstrings with reduced flexibility and 
the symptoms thereof, but also associated lower back, hip pain or the like, a 
multimodal approach to patient care deems appropriate. In the case where chiropractic 
manipulation is contraindicated, dynamic oscillatory stretching with isometric 
contraction would be used, as this would increase hamstring flexibility just as 
effectively. 
 
Prior to this study, it was determined that the combination group, the sacroiliac joint 
manipulation with dynamic oscillatory stretching with isometric contraction, would have 
better results than each treatment alone since the participant would be receiving the 
benefits of both modalities. However, this was not the case. It is possible that the 
manipulation only group and the stretching only group, who received only one type of 
treatment, benefitted from the treatments as described in the literature review but is 
possible that each group that included manipulation of the sacroiliac joint proved to 
have a non-statistically significant result due to the adverse effects that occur with 
chiropractic manipulation – such as post treatment discomfort and stiffness. It is 
possible that these effects may have had a negative impact on the objective 
measurements taken. The combination group, with both treatments, would have had 
the benefits of dynamic oscillatory stretching but also the adverse effects of 
chiropractic manipulation, thus giving positive results due to the stretching but also 
limited results due to chiropractic manipulation adverse effects or other unseen 
variables such as hip pathologies. 
 
Ultimately, with the interpretation of the results of this study, it can be determined that 
dynamic oscillatory stretching with isometric contraction or a combination of this with 
sacroiliac joint manipulation are both viable treatment options in the rehabilitation of 
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decreased hamstring flexibility, but no treatment method is more effective than the 
other. 
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CHAPTER 6 – CONCLUSION AND RECOMMENDATIONS 
 
 
6.1 Introduction 
 
 
Taking all the results and the discussions thereof into account, as seen in chapter four 
and five, this chapter serves to summarize and conclude the outcomes of this study. 
 
6.2 Conclusion 
 
 
The aim of this study was to compare the effectiveness of sacroiliac joint manipulation, 
dynamic oscillatory stretching with isometric contraction and a combination of the two 
in the management of decreased hamstring flexibility. 
This study demonstrated that dynamic oscillatory stretching with isometric contraction 
and a combination of this with sacroiliac joint manipulation both increased hamstring 
flexibility as measured with a passive straight leg raise using a goniometer and on the 
sit and reach box. There was no statistically significant change with the sacroiliac joint 
manipulation alone. Sacroiliac joint manipulation, dynamic oscillatory stretching with 
isometric contraction and a combination of these had the same improvements with 
regards to lumbar spine range of motion in left rotation and right lateral flexion but 
dynamic oscillatory stretching with isometric contraction and this combined with 
sacroiliac joint manipulation had the same improvements with regards to all ranges of 
lumbar spine motion with no change from sacroiliac joint manipulation alone. 
The statistically significant change seen with dynamic oscillatory stretching with 
isometric contraction and this in combination with sacroiliac joint manipulation has 
indicated that both of these methods can be clinically used in the treatment and 
rehabilitation of reduced hamstring flexibility. 
In conclusion, since it is determined that dynamic oscillatory stretching with isometric 
contraction and a combination of this with sacroiliac joint manipulation are both 
acceptable methods to assist with the improvement of hamstring flexibility, and neither 
method is more effective than the other, it is dependent on what that particular patient 
requires based on clinical examination as to which method is most appropriate for 
them. 
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6.3 Recommendations 
 
 
In order to increase the validity and reliability of this research study and in order to 
achieve more definitive results, various changes could be made. Some of these 
include: 
 
 A larger sample group is advised in order to ensure a better representation of 
the larger population. It could also result in more conclusive findings regarding 
a superior treatment method. 
 A future study could also utilise patients who are symptomatic with regards to 
lower back pain. This may determine whether reduced hamstring flexibility has 
a correlation to lower back pain if the treatment thereof results in any 
improvement (Esola, McClure, Fitzgerald, Siegler, 1996). 
 
 Another study could be conducted comparing a strict conservative stretching 
programme with sacroiliac joint manipulation and dynamic oscillatory stretching 
with isometric contraction in order to determine the possibility of another 
treatment method in the management of decreased hamstring flexibility. 
 
 Pre and post treatment measurements could be recorded immediately prior to, 
and post intervention in order to determine the immediate effects of sacroiliac 
joint manipulation, dynamic oscillatory stretching with isometric contraction and 
a combination. 
 
 This study showed that sacroiliac joint manipulation had no statistically 
significant results, yet the participants commented on how much better they 
were feeling. Therefore it would be recommended that the visual analogue 
scale be used in any further studies to assist in determining the effects of these 
treatment options. 
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Appendix A: Advertisement 
 
DO YOU HAVE TIGHT HAMSTRINGS? 
Are you between the ages of 18 – 44? 
COME JOIN THIS RESEARCH STUDY! 
 
YOU ARE INVITED TO JOIN THE RESEASRCH STUDY TITLED “DYNAMIC 
OSCILLATORY STRETCHING WITH ISOMETRIC CONTRACTION VERSUS 
SACROILIAC JOINT MANIPULATION VERSUS A COMBINATION ON HAMSTRING 
FLEXIBILITY”. 
 
 
THE PURPOSE OF THIS STUDY is to determine the best way to increase hamstring 
flexibility by comparing two different treatments (a specific type of stretching and chiropractic 
manipulation of the lower back) as well as a combination of these treatments. 
This study will take place between April and May 2019 at the University of Johannesburg 
Chiropractic Day Clinic. 
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Appendix B: Permission Letter to Dr Nonkwelo 
 
 
 
 
 
 
Dear Dr Nonkwelo, 
 
 
 
 
 
I am writing this letter to request permission for me to undertake my Master’s Chiropractic 
research at the University of Johannesburg Doornfontein campus and to enquire whether it is 
possible to include students from the University of Johannesburg in my Master’s Chiropractic 
research study entitled Dynamic Oscillatory Stretching with Isometric Contraction Versus 
Sacroiliac Joint Manipulation Versus a Combination on Hamstring Flexibility. 
 
 
My proposal has been approved by Higher Degrees committee and the Research Ethics 
committee of the University of Johannesburg. My REC number is  . 
 
 
The advertisement will be placed around the University of Johannesburg Doornfontein 
campus and will contain information regarding this study. 
 
 
 
 
 
Kind Regards, 
 
 
 
 
Kirsten Glover 
Masters Chiropractic Student 
073 634 8646 
 
 
 
 
 
72  
 
 
73  
Appendix C: Research Study Information Letter 
 
 
 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH STUDY INFORMATION LETTER 
REC 11.0 
 
Date:    
 
 
Good Day 
 
 
My name is Kirsten Glover I WOULD LIKE TO INVITE YOU TO PARTICIPATE in a research study on 
Dynamic Oscillatory Stretching with Isometric Contraction Versus Sacroiliac Joint Manipulation 
Versus a Combination on Hamstring Flexibility. 
 
Before you decide on whether to participate, I would like to explain to you why the research is being 
done and what it will involve for you. I will go through the information letter with you and answer 
anyquestionsyouhave. This shouldtakeabout 10to 20minutes.Thestudyispart of aresearch 
project being completed as a requirement for a Master’s Degree in Chiropractic through the 
University of Johannesburg. 
 
THE PURPOSE OF THIS STUDY is to determine an effective way to increase hamstring flexibility by 
comparing two different treatments (a specific type of stretching and chiropractic manipulation of 
the lower back) as well as a combination of these treatments. 
 
 
(Note: This must be described so that a lay man is able to understand it - in fact this whole letter 
needs to be worded in that manner.) 
 
 
Below, I have compiled a set of questions and answers that I believe will assist you in understanding 
the relevant details of participation in this research study. Please read through these. If you have any 
further questions I will be happy to answer them for you. 
 
1. DO I HAVE TO TAKEPART? No, you don’t haveto. It is uptoyouto decidetoparticipate inthe 
study. I will describe the study and go through this information sheet. If you agree to take part, I 
will then ask you to sign a consent form. 
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2. WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? You will be required to 
come to the University of Johannesburg Chiropractic Day Clinic for a total of seven sessions (six 
treatment sessions – two times a week for three weeks - and one follow up for evaluation in the 
fourth week). You will be randomly placed into a group which will determine the treatment you 
receive. You may have your hamstring muscles stretched or your lower back manipulated or you 
mayhavebothtreatments. If treatmentisproveneffective oncetheresearchstudyis complete 
– the participant will have access to free post-research treatment. 
 
3. WHAT IF NEW INFORMATION BECOMES AVAILABLE? Sometimes new information may become 
available about the treatment you will be receiving. If this is the case, I will tell you about this 
and discuss it with you. You canthen decidewhetheryou would like to continueparticipating in 
the research. If you decide not to continue, there will be no other consequences for you. If you 
do decide to continue, I will ask you to sign an updated consent form. 
 
4. APPROXIMATELY HOW LONG WILL MY PARTICIPATION TAKE? Your participation will take 
approximately3to4weeks. Thefirstappointmentshouldtakeabout 1hour.Thesecond,third, 
fifth and sixth appointments should only take approximately 15 minutes and the fourth and 
seventh sessions will be a bit longer (approximately 30 minutes). 
 
5. WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide to participate, 
you are free to withdraw your consent at any time without giving a reason and without any 
consequences. If you wish to withdraw your consent, you should inform me as soon as possible. 
 
 
6. ARE THERE ANY OTHER POSSIBLE REASONS WHY MY PARTICIPATION MIGHT BE STOPPED? It 
may happen that, due to your health or other treatments that you may receive or for safety 
reasons, I will need to stop your participation in this research. I will discuss this with you 
beforehand if it becomes necessary. 
 
7. IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR PAYMENT DUE TO 
ME? You will not be paid to participate in this study and you will not bear any expenses. 
 
8. IFI CHOOSE TO PARTICIPATE, WHAT ARETHE RISKS INVOLVED? Therisks involved are 
uncommonbut allnecessaryprecautionswillbeadheredtoinordertominimizerisks. Theonly 
risksthatareinvolvedare postmanipulationstiffnessandtendernesstoyour lower back.If you 
experience the risks for longer than anticipated, please contact me to discuss the matter and the 
approach thereafter. 
 
9. IF I CHOOSE TO PARTICIPATE, WHAT ARE THE BENEFITS INVOLVED? You may have possible 
relief of stiffness, increase in hamstring flexibility and movement in the lower back. 
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10. WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? All reasonable efforts will be 
made to keep your personal information confidential and respect your right to privacy. This 
includes replacing your identifying personal information with a number that only I and my 
research supervisor will know. You will not be identified in any research reports that are 
published. Under somecircumstances, suchas when requiredtodo sobyacourt of law, Imay 
have to discloseyour personal information. Inaddition, itmayhappenthat your information will 
need to be reviewed by another organisation for quality assurance purposes. I will tell you about 
this telephonically if it happens. You are free to withdraw their consent prior to the submission 
of data, however beyond this point withdrawalof consent is not possible duetothe anonymous 
nature of theresearch 
 
11. WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will be written 
into a research report that will be assessed. In some cases, results may also be published in a 
scientific journal. In either case, you will not be identifiable in any documents, reports or 
publications. You will be given access to the results of this if you would like to see them, by 
contacting me. If you decide to seek effective treatment post-trial, you will be offered the 
opportunity to do so. 
 
12. WHAT WILL YOUR RESPONSIBILITIES BE, ASTHE RESEARCHER? To ensure that this research 
study is done in a safe and ethical manner. To ensure the participants remain informed as to any 
changes to this study. To ensure that the participants understand the important details of the 
study and gives the researcher informed consent. 
 
13. WHO IS ORGANISING AND FUNDING THIS RESEARCH STUDY? The study is being organised by 
me, under theguidance of my research supervisor at the Department of Chiropractic at the 
Universityof Johannesburg.Thisstudyhasreceivedfundingthroughthesupervisor linked 
bursary distributed by the University of Johannesburg. 
 
14. WHO HAS REVIEWED AND APPROVED THISSTUDY? Beforethis study was allowed to start,it 
was reviewed in order to protect your interests.This review was done first bytheDepartment of 
Chiropractic, and then secondly by the Faculty of Health Sciences Research Ethics Committee at 
the University of Johannesburg. In both cases, the study was approved. 
 
15. WHAT HAPPENS IF I GET INJURED DURING THE STUDY? This research is not covered by the 
institutional insurance. Inthe event of aninjury, you will be referredtothe necessary medical 
professional however, this will be at your own cost. 
 
16. ARE THERE ANY CONFLICT OF INTERESTS PERTAINING TO THIS STUDY? There are no conflict of 
interests held by anyone involved in this study. 
 
17. WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this research 
study, its procedures or risks and benefits, you should ask me. Any medical bills will be at your 
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expense. You should contact me at any time if you feel you have any concerns about being a part 
of this study. My contact details are: 
 
Kirsten Glover 
073-634-8646 
kirglover@gmail.com 
 
 
You may also contact my research supervisor: 
Dr Chris Yelverton 
chrisy@uj.ac.za 
011-559-6218 
If youfeelthat anyquestions or complaintsregarding your participationinthisstudyhavenot been 
dealt with adequately, you may contact the Chairperson of the Faculty of Health Sciences Research 
Ethics Committee at the University of Johannesburg: 
 
 
Prof. Christopher Stein 
Tel: 011 559-6564 
Email: cstein@uj.ac.za 
 
 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more specific 
informationaboutthisresearch project information, have anyquestions, concernsor complaints 
about this research study, its procedures, risks and benefits, you should communicate with me using 
any of the contact details given above. 
 
 
 
 
 
Researcher: 
 
 
Kirsten Glover 
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Appendix D: Consent Form  
 
 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
REC 11.0 
 
 
Dynamic Oscillatory Stretching with Isometric Contraction versus Sacroiliac Joint Manipulation versus a 
Combination on Hamstring Flexibility 
 
 
Please initial each box below: 
 
 
I confirm that I have read and understand the information letter dated  for 
theabovestudy.I havehadtheopportunitytoconsider theinformation, askquestions andhavehad 
these answered satisfactorily. 
 
 
 
 
I understand that my participation is voluntary and that I am free to withdraw from this study 
at any time without giving any reason and without any consequences to me. 
 
 
 
 
I agree to participate in the above research. 
 
 
 
 
 
 
 
Name of Participant Signature of Participant Date 
 
 
 
 
 
Name of Researcher Signature of Researcher Date 
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Appendix B: Permission letter to include students from the University of 
Johannsburg 
Appendix E: CONTRAINDICATIONS TO SPINAL MANIPULATIVE THERAPY 
(Esposito and Philipson, 2005) 
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Appendix F: CONTRAINDICATIONS OF STRETCHING (Alter, 2004). 
 
 
 
 Acute muscle or surrounding soft tissue injury. 
 Arterial insufficiency. 
 Extreme pain on stretch. 
 Haematoma of the involved muscle. 
 Infection or inflammation of surrounding soft tissue structures. 
 Joint instability. 
 Muscle contractures. 
 Recovery of a tendon injury. 
 Specific diseases of the muscle or surrounding soft tissue e.g. myositis ossificans. 
 Vascular disorders: drug induced or pathology that facilitates bleeding. 
 Uncontrolled cramping when stretched. 
81  
Appendix G: Case history clinic form 
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Appendix H: Physical examination clinic form 
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Appendix I: Lumbar spine regional clinic form 
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Appendix J: Hip regional clinic form 
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Appendix K: SOAP note clinic form 
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Appendix L: Turnitin Report 
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